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Foreword.and Dedication

_ Land resource use has fong been an important theme in geographical research.
Throuaghout the 20th century. geographers have applied conteriporary field methods
as well as newly developed remote sensing technologies to document and analyze

patterns of land use. The skilis and abilities of geographers in land use analysis have
been applied in professional roles in wniversities. government, and industry, Chal-
lenges and opportunities in this ared seem almost limitless, as we tackle increasingly

complex issues of resource ‘assessment. land use planninfg, and understanding link-
ages between land use and other Social and environmental processes. . . . )

The use ot remote sensing for land use mapping involves both thepretical and
methodological issues, as well as development of personal skills. The former can be
addressed in scholarly publications and technical manuals; the latter are not satisfactor-
ily dealt-with in"words — experience becomes crucial: This volume; the fourth in the

1982 Resource Publications in Geography series, bridges the chasm between techni-
cal literature and the laboratory experience of the land use analyst. Here Jim Campbell

provides a pratessional identity to the researcher, wha is able to cast current work within
longer-standing geographical traditions. He also offers a guide to the development of
skills required for a continuing, competent role in lard use analysis. : :
~ The advisory board of the Resource Publications would like this volume 1o
memorialize James R. Andérson, who at the time of his death in 1980: served as Chief
Geographer of the U.S, Geological Survey and_as Vice-President and President-.
designate of the Assaciation of American Geographers: Daring a career spanningthree
decades. Anderson served in_academic posts at thie Universities of Maryland and

Floridd and in government with the U:S:'Department of Agriculture_and_the USGS.

* Anderson's work continues to provide guidance and leadership in the application of

remole sensing to land use mapping. Anderson played a key role in the development of
the USGS Land Use and Land Cover map series: The hierarchical system of land use °
classification created by Anderson and his staff has becaine an international standard:
Angerson was also focal in bringing the long-term’ geagraphical tradition of land usg¢
nf4pping together with-emerging remote sensing technologies. - ,

" This volume is dedicated to the memory of Jamés.R. Anderson, a scholar and
leader among American geographers: to Anderson’s colleagues and friends who

continue his work: and to a new generation of geographers who will draw upon his
contribations for years to.come. * . -

~ Resource Publications in Geography dre monographs sponsored by the Associa-
tion of American Geographers, a professional organization whose purpose is to ad-
vance studies in geography and to encourage the application of geographic research in
education, government, and business. The series brings contemporary research in the
various fields of geography to the attention of students and senior geographers. as well
as toresearchers I related fields. The ideas presented, of course, are the author's and

do not imply. AAG endorsement.

Thie editor and advisory board hope that this volume will rémind us of the important

traditions und®ying contemporary résearch in remote sensing and land use mapping
and will aid in the training of geographers in the fine tradition exemplified by Jim

Anderson. } . .
€. Gregory, Knight. The Pennsyivania State University !
Editor, Resource Publications in Geography
Resource Publications Advisory Board .
George W. Carey, Rutgers Uiversity ' ) :
James.S: Gardner, University*of Waterloo -
Charles M. &ood. Jr.. Virginia Polytechnic institute and State tniversity ‘
Risa 1. Palm, University of Colorado ’
Thomas J. Wilbanks: Oak Ridge National Laboratory .

' * s \‘3 s
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Preface and Ackhowledgements

At Virginia Polytechnic institute; where | teach courses in rémote sensing, | have.
found that land cover mapping has formed a useful vehicle for teaching students how-to’
-interpret; organize, classify, and d|sp|ay|nformat|on derived from aerial images. [ have

. Dbbserved that students from many separate disciplines, working with all of the varied

forms and formats of remoteiy sensed data, encounter éssentially the sa'rneprizcttcal

. ‘and conceptual problems in preparing maps and reports from aerial imagery. I also
* discovered that existing texts and teaching materials largely neglect those issues that

present the greatest challenges ta beginning students. In addition, thete are few texts -

available that place current uses of aerial imagery for land use mapgping in the context of

the long tradition of geographic survey of land use patterns. Therefore, much of the
information presented in this volurme was developed to address these issues, in support
of my classroom and laboratory activities in remote sensing courses. =

In preparirig this volume | have assumed that readers ate students who are
enrolled in, or who have completed, an, |ntroductory course irr remote sensing. As a
résult Wis volume does not dlscuss detalls of specrflc SEensors, specmc forms of

covered in standard texts available to stadents: tnstead thtsvolume focuses specifi-

cally on those general issues regarding the organization and presentation of land-use=

information derived from aerial imagery. These concepts and prinéiples apply equalily to
all forms of imagery, so their utlllty extends far beyond the examiples used here as

illostrations: '
I have assumed also that feaders are familiar with the |and use cIaSSIflcatron
devgloped by Anderson and colleagues (1976), or have easy accessdo this important
. docdment. Their.volyme is inexpensive, Concjse, readable, and egsrly available for:
classroom use; so there seemed to be no point in repeating in detail the |nformat|on and

' ideds dlreddy presented s0 wéll. ' s
Many of the ideas presented here were developed'in teaching geography to
university undergraduates so | mast acknowledge the comtribution that their questions .
and suggest‘fons have made to_the conception and development of this volume.
addition, both my students and | have benefitted from conversatians with_Wayne
Strickland- (Chief of Land Use and Environmental, Planning, Fifth District Planning
. ith his_time and knowledge,
both ,|n7the classroom, and in his offices in Roarnoke. With'his he p, many of the ideas
have'been tested and app||ed to areas near Reanake. William Koﬁejsqh Clark Universi-
. * 1y, provided assistance in my search for correct bibliographic information: | appreciate
the supportof VPI's Spetial Data Analysis Laboratory {R.M. Haraliék, Dlrector) in some

of the wojkK that led to the writing of this volame: Glenn Best was helpfui in assisting with
many ‘of the smali*byt vital tasks required to complete this volurie. Johi Crissinger,

Commission,; Roanoke; VA) who has been generous wi

Geology tibrarlan at.VPI, provrded valuable support by orchestrating the interlibrary

loan process to acqunre often on short Tiotice, severalvaluable, if obscure, books and

reports: €: Gregory Knight; as editor of the AAG.Resource Publlcatrons in Geography,
supported this volume through Ris encouragement, and his"advice and guidance on.
editorial and production details. B.E. Witmer and his colleagues in the_ Geography
Program, U.S. Geological Survey, were genierols in their assistance with some issues
relating to their work. J. Ronald Eyfon provrded.useful-crrttcrsm as well as guidance on
preparation of the cover:

Finally, | welcome the comments and suggestlons 5t readers |nclud|ng the|r1deas

for further’ deVeIopment of the ideas presented in this volume their quibbles; and the

errors they may discover.
) ) 5
James.B. Carmipbell - °
1
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The Domesday Book and Modern Land Use
Sur\leys . : < o i ‘

’
'

The practical significance of land use information can be illustrated by an example
ostensibly far removed from today's concerns; the events that followed the invasion of
England by William, Duke of Normandy (William the Congleror). I October of 1066

William's invading armies defeated thie forces of Harold of Wessex in battle at Hastings. ¢
Harold had assumed the English crown in January, 1066, following the death of Edward
the Confessor. Within months after William's victory he was crownied King of England,
and in d few years; the Norman hold on England was firmly established: William brought
great power and prestige to the throne of England and-governed with an authority that
exténded to the most remoate corners of the kingdom. Among the mpisftiiﬁimediatie o

changes that accompanied Nprman rule were expansions in the scope and efficiency o
administration of-governmental affairs (Brown 1968). ° ' o
In 1085 Witliam's agents began compilation of the Domesday Book, recording the®

resiilts of a detailed survey of the lands andTnhabitants of Englang. The name ‘Domes-
day*Theans in this_context ‘doomsday’ — day of judgment; referring to its role in
assdssment for taxation. This na#me, however, was apparently not used untit many

years after the survey was completed. Physically, the Domesday Book consists of two
laige volumes written in Liatin; it exists today (in several versions) as England's-oldest
surviving puplic documeht. Schotarly irterest in the Domesday Book began in the
nineteenth century, and continues to the present. Considerable attention is directed to
reconstrugtion of the details of the survey that produced the data (the Domesday
Inquest), and"to the administration, tabulation, and analysis of the. results. Othér

scholars have attempted to use the information recorded in the ‘survey to re-create the.

demographic and settiement patterns at the time of the survey (Darby 1952, 1977).
cmen™ .

The Domesday Book
N

The Domesday Book was a record of land use and population patterns at a time

iong before most of us would have expected serious interest in such informafion. There .
are no surviving records that state the explicit purpose of the inquest, glthough it seems -,
clear that it was compiled as a means of assessing resources subject to taxation.
The result is regarded as the most complete medieval survey in western Europe.
Royal agents formed a kind of jary that accépted evidence from citizens and officials in
each region. Citizens answered the most private guestions eoncerning their land

holdings. The book records a village-by-village survey of the entire country, with over

-

. | 10 .
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.2 The Domesday Book

13,000 towns and ]urrsr‘lctrons hsted Apparently there were about seven circuits, or

- separate inquésts; each covering &t least three to five shires (counties). Analysis of the

fragments of preliminary dratts that still exist suggests carelul planning and execution cf
the inquest, including systematic editing, revision, indexing, checking, and supervision j

of workers by a protessronai staft: Errors and omissions are present, bot the overall
picture is one of efftcnency and professionalism (Galbraith 1961).
Yhe inquest recorded the names of manors, numbers of freemen, villgins, cotters,

and slaves; resembling a modern demog_raphlc censos: Also recorded were acreages
of plowland; meadows; pastures; and ine number® and sizes of ftshponds (Finn 1961},
In this sange, the Domesday Book resembles a modern land use survey. The royal
inguest also recorded ownership of land at three separate dates: (a) during the relgn of

Edward the Confeséor (Harold's predescessor); {b) at the time of the Conquest; and (c)

in 1086, at.the time of the survey.
The Domesday Book, despite | its apparent remoteness from modern concerns, |s

important in oor consideration of the methods of collectmg and the significance of using

land use data. First; fhat the survey was conducted at all is remarkabtp Medieval
Monarchs were ot noted for their willingness to expend royal income on dttivities
onlikety to contribute profit to their Iérngdoms It must be concluded that William and his
advisors regarded the data recorded in the Domesday Book as essential for efficient.
administration of England, likely to provide immediate practical benefits. Second,

demographic and land use data were integrated into a single survey, so that the two

forms of information are reportedwt comparable time periods for compatible aérial
coliection units. Many modern surveys aSpire to integration of several forms of data in
compatible formats, often with less success than the Dc{mesday Inguest. Third,

fhanges in land use were recorded another feature of the Domesday Inquest desna-
ble, but hot always -achieved, in modern‘ land use surveys. F|nalty, the interest. in
dccuiacy is a precedent for modetn concerns aboiit the quality of dataand mformatroﬁ
In the Domesday Inquest we can identify features worthy of con5|deratlon in oor
own efforts to map land use and iand cover. Although the contexts and methods for
modern surveys difter greatly from William's time, thé Domesday Inquest can be

regarded in some respects as a prototype for many of the qualities desired Y today’ 5

$urveys: Even if we could find no other attractive feature of the Domesday Inquest, we
can aspire to match its speed of completiont — to finish a survey of such scope within
two years must be regarded as an achievement even worthy in modern times. .

» a ‘ N

3 : .

Modern Lahd Use Maps - . . :
Wllham s data were tabolated in massrve volumes a rather unwneldy format.for
those interested in examining geographic patterns. Today we find maps to be a more

concise and manageable vehicle for presenting similar data. Typically, a map of a
region is subdivided into discrete parcels, each labeled as a single category. For many

u/§ers land use maps prepared in this manner appear to be the sumplest of all maps:
/ . I
' (1) Informational ééﬁteﬁt is straightforward; most people feel tHat .
they have aigood grasp of thé definition of 'agricultural,’ or of
‘urban’ land, even if they have not specifically thought abodt fand
- use before: i
d i
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.ﬂmh'r:rr Land Use Saps l

(é) Map r‘ontem 1S sub|ect to verfication oy direct obse;vatron

{3) Unlike many other maps of Similar appgarance (soctt as e

s - usual topographic or geologic maps), land use maps do not

réquire specidlized knowledge of the content, symbalization,

~ and the cartographic model that forms the basis of map logic:
{4) Map format and symbolization are sonsistent with our most
basnc notions of what maps should bey the subdivision e( aregion

intc & mosaic of discrete; labeled parcels is ong of tha most )

é . easily understood mapping converitions.,
{5) Likewise, the use-of aerial imagery for land use mappmg ap-

pears to be one of the most: straightforward applications of

- ‘remote sensing. Preparation of the land use map would seem to
! require only the delration and labeling of Categornes easily

recogmzed as they appear on images.

As a_ resu|t tand use maps appear to be among ihe most ba5|c to complle and

~|nterpret Yet, simplicity of form and content conceal compléxities that may emgrge oniy

as critical attentron is devoted to the meanlng and usefulness of Specrflc maps. Once

encountered; these compléxities are found to be interwoven with the geographic

_patterns of land use, the classification system, and qualities of the aerialimages usedto

make the map. Intricate errors in form and contént may iiflience the usefulness of thg

map and are seidom subjectto converiient corfettion, because they flow from decisions
regardmg map purpose, detail, scale, and use. The following paragraphs outline some

concerns of researchers who prepare iand use maps from aeridl imagery. Most ideas

discussed here will be more fully developed,ln subsequent chapters:

Generalization,

- The cartographic modél Uised to portray 1and use pa'terns identifies éc mapped

- parcel with a Single catego y-In [eahty most.mapped parcels are COmMpoS. several.
categories of land use, the inevitable consequéence of cartographlc.geneu zation.

Generalization snmplmes compiex detail presented on aerial images into a form Gon-

venient for usé by the map reader: Logical and visual. gereralization is. of course; _

inhererit to all maps a nd i~ required for legible cartographic representation of tand use

patterns: Y&t simplification-also means‘that t detail, perhiaps |mp6riant detail; is withheld
from the map reader. For example, the astate reader of Figure 1 knows that parcel

labels usually identify predomrnant land use within parcél bourdaries, and that other,

unspecified, categories ('impurities’) are resent. Yetrio notice of the presenceof these

impurities is\provided, detracting from t & asefalness or the credibifity of the map. The

map reader lacks access to the orlgma| information frotn which the map was prepared

and must depend completely upon the map makerto present the mformatuon in alogical

and consisterit. manner. 7
As a result, it is essential that the lnterpreter develop and appIy a conslstent

Strategy for generalrzatlon tailored both to the aerial image and to the user's requrre-

merits; then clearly specify: {a) the existence of imparities in specific’ categories..
(b} their approximate areal proportlons and (c) patterns of occurrence wnhm the
parcels. - )

v A; 14: )
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#4  The Domesday Book :

FIGURE 1 CARTOGRAPHIC GENERALIZATION. The d tailed
pattemn (left) has been generalized (right) by combmmg categories
and smoothing boundaries. Most lang use maps exhibit some de-
gree of generalization, so the labeled parcels include categories
* othier than those identified by the parcel labels. As a result, land use
maps must be accompanied by wrilten material that describes the
actoal character of mapping units:

=

Compatibility With Other Data
By itself, a single land use map may have rather limited usefulness because the
map reader often uses the map in relation to other data and information (Figure 2).

" corresponds to the management and polmcal units of interest and to other information
required for the study. For example, land use data have maximum usefulness when
they can be related to demographic and economic data for the same city or county.

-Comparlsons can be meanlngful only when land use data are compatible with other
datain respectto date, category definitions; detail, spatial collection upit, and accuracy.
If, for examp’!é we wish to gatherland use data in a form that can be related to census
information; our land use data must be col'écted using imagery that corresponds at
least approximately to the date of the census, shows détail comparabie to that of the
census data, and permits plotting of census sub-unit boundaries so that the land use
data can be reported by the same geographic units as the census. Efficient preparation

of a useful map depends; of course; upon early recognition of these requirements

before the study is under way.
-

Assignment of /mage Areas to Land Use Categories®

Most aerial imagery presents a map- llkerrepresentatlon of ‘the Ianliscape that

seems to form a natural and convenient base for delineating land use. Usually; how-
ever, the photointerpreter is presented with much rgore information than can be
accurately and legibly présented on a map. As a result, thé interpreter defines a working

model for relating detail on-the |mage to specmc land cover categories; then applles this
model conolstently throughout the lmage usmg the model to assign areas of the image
to categorles in the classmcatlon system {Flgure 3) Th|s worklng model can be
tively; as a transiator that can assign image detail to its correct informational category,
much as a linguist assigns words and concepts in one Tanguage to corresponding
words and concepts in another. . 1 ~

J

.
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F _ , o Modern Land Use Maps 5

These fllter/translators are dewsed and applied lnformatly, almost intuitively, by

phototnterpreters in a manner thatis tailored 1o the scale and resolution of the imagery,
to the detail in the classification system, and to the publication scale of the final land ase

map Itis essentualthatéach interpreter apply the strategy ina dlSCIp/Ined systematic,

and conSIstent manner throughout the image, s6 that the final map is uniform, in

accuracy and in representation of detail.
Map Characteristics Tonsistent 7 Utimate Uss

~ Aland use map is usually prepared at the request of an institation or group of

|nd|wduals Although it may seem #xiomatic that maps should be prepared for intended

uses; maps often hgve inappropriate scales; levels of detail, categoruzatlon or symboli-
zation. There aré an infinity of possible land use maps of ari area, only a few of which

may satisfy the user's requirements. Cdnisider, for example, the varied maps fhat can

result from alternattve ch0|ces in respect to classtfrcatlon system deta|| in the classttlca-

course, no slngle corr‘ect" 'combunatuon that is s suutable for aII crrcumstances A poor

¢haice in respect to even one of these qualities may render the final map unsuitable for

'|ts intended use. To add to these difficulties, it must be noted that the user’s require-

ments may not atways be self-apparent or obvious. .

As aresilt, the photomterpreter/qartographer must question the map user at the

" outset of the project to outline alternatives andto assure that requirements f for categori-

zation; classification detail, spatial detail, and compatitility with other data are clearly

undérstood and can bé achieved with the resources athand: Asimages are interpreted;

and the map-prepared; the_ interpreter should discuss,progress with the, user to detect

problems at the earliest posslbte opportunity. .

A

FIGURE 2  COMPATIBILITY OF VARIED FORMS OF DATA.
Land use information has its greatest usefilness when it is compati-

ble with other information (and with-other land use data) in date,

scale, accuracy, detail, and other-qualities. Comparable information

tan then be su perlmposed (iiterally or figuratively) to form the kind of
unified, multi-faceted data set suggested here: Several kinds of data

can.be integrated to provide a. comp[efh;eijslye view of a region. In

redlity, of course, such compattblluty is seldom achleved without the
exphcnt efforts of those who collect and’manage mformatlon

; | I &



Q

ERIC

Aruitoxt provided by Eic:

e Dhonoesdday Bonk

FIGURE 3 ASSIGNMENT OF IMAGE AREAS TO MAP
TCATE G()RIF 1'1»- itnage intetpreter must dehineate areas of rela-

tve unitonmity of land use, oven though these areas may not always
Ho mtormon .1;1[)(‘ rrance  THIS progess requires accurate delineas
non of whvidudl parcels. then correct assignment to land use
categotins Fore ompln\ landscapes, this process can be b)(tremcly

diffoult Symbols here are keyed to Table 7 N

{0t / Ve (Classificanion "

»’vhp wanon of g land use map. from acnal imagery 1s esscntlally a process ol
LA e 010 ENOSHE Of parcels; with each parcel asénéﬁed to aland use
Gl Artand hnation tor the novice nterpreteris to devise land use classes based
upon raiegones casity recognized and dehneated from examination of the imagery. For
Sadmhpine sublibdn fand may seeni e be a reas sonable land use cateqgory because of
fher crocse and corraspondenceAwith informal land use classes developed fre™
wr i cetione oo I practice. of coarsi:, e most useful cateqgories are those that
o dehteenldr it neids of e ap iser Typically cateygories sach as “suburban
P ane o :_ anplett 0 lu"*n‘[l‘wul( Iovy tor the user who requires division -of land into
funcinnal Shasses sush as residental, commercial. and industnal land.

o Heddoe ot e anpiedictiable interplay between image detail. classification detal;
aned e woabe heonterprater must find g balance between the precision of the

e die aton Ly stem and the sizes of the parcels that can be interpreted. then portrayed
ogisiycor o mags For example. a detaded category for cemeteries 1s of no practical

st cemctenes n the mapped region occur 0 parcels of fand too smaili to be
Bty toptecontod b the scale of the final map. or i the 1mage has such coarsSe
reoniution thit the cemeternies cannot be rehably lnterpr(‘-tcd As a result, the image

interpretorn must prepare a classiication system thatis SImUHZ‘mCOUSW compauble with

the neads of tho map user and consistent with image detail and map scale.

O

I
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These problems and others render land use mappmg a surpnsmgly difficult#

subject for many researchers, even those who have @xperience in related topics in

remote sensing, cartography, planning; and other sub]ecis Many of the difficulties arise

“from conceptual, rather than purely technical, sburces — concepts that are at the heart
of the geographical approach to knowledge, related to_appropriate choices of scale,

genﬁe@lgaﬁtnﬁon and categorization for the purpose at-hangd” These topics are best

stadied in relation to a rther broad context that includes.the uses; historical evolutlon

and guiding principles of land use mventory as applied by,geographers and researchers
in allled disciplines.

Th.
“
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~ { william's agents probg ly went about their business without debating the mean-
ings of definitions arid concapts pertaining to land use survey. Their task was defined
falfly clearly by others; and] their attention'was no doubt consumed by matters of

imigediate and practical significance. Today we must sort through an inventory of

“ideas, concepts definitions, and meanings that may seem to have obscure distinctions,
interesting only to the mdst meticulons scholar. Yet, because it is always important to
have a good-sommanid of the ideas and concepts that form the foundation cf our work,

the following paragraphs outline Some of the more important definitional issues pertain-
ing to'land use survey. o -

- V ] 7‘ y

Concepts and Definitions

_ Land Use can be defined as the use of land by humans, usually with emphasis on
the functional role of land in economic activities. Within this rather broad definition

specific studies have emiployed a wide vatiety of suttie: often unstated, refirements in

meaning (Byfley 1961; Stamp 1966; Dickinson and Srizw 1977). There s little meritina
protracted enumeratior: of the varied connotations ot the numerous teuns that have
been used, 50 the following discission forms only a brief sketch of some basic issues.
. . Land use, as defined above, forms an abstraction, not aiways directly observable
by even the closest inspection. We cannot see the actual use of a parcel of land, but
‘only the physical artifacts of that use. Sometimes the implications of-the artifacts are
guite clear. A steel mill, for example,-can be associated quite clearly with specific
sconomic activities and land use categories..In contrast, alarge extent of forested land
may display little if any physical evidence of its vafied uses, which’might include
. produiction of timber, supply of water for distant urban areas; and space for recreation.
In addition, some land areas may be characterized by contrasting activities {belonging
perhaps ta separate classes of land use) at separate seasons of the year. For example,

some farmland might be used alternatively as cropland and as pasture atdifferent times
in the agricultural calendar: e . .

The usual stereotype assigns a single, fixed, land Use designation to each parcel.
Often departures from them are not of great practical significance: We may be willing;

for example, to accept designation of the predominant; or primary land use; or todefine .- -

: . e - j.? P — e
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tant to have a firm grasp on the limitations of the conceptual models we use, so these

speciai categories for those miltiple or sequential uses of significance. But itis impor;

issues deserve our attention even when they may not seemto have immediate practical
o “

- significance.

Land Cover, in its narrowest sense, often designates the vegetative blanket, either
natural or man-made, of the earth's surface. In a much broader sense, land cover
designates the visible evidence of land use, to include both vegetative and non-
vegetative features. In this meaning, derise forest, plowed land, urban structures; and
paved parking lots all constitute land cover: Whereas land use is abstract, Ignd cover is
coricrete and therefore is subject to direct observation. - j

Another distinction is that land coverlacks the emphasis upon economic function

ihat is essential to the conicept of land Gse: An hydrologist can focus interest solely to
laind cover because of aconcern with the physical components of the landscape as they
pertain to the movement of moistii®e. A traffic engineer who must use land use as an
input to a traftic flow model must address the economic function of each parcel of land
45 a contributor of automabile traffic to the region’s highways. Often the distinction
between-land use and land cover becomes more important as the scale of a study
becames larger and the level of detail becomes finer. Although many of these distinc-

tions are significant, this velume, as a matter of convenience; will refer to ‘land use’ and
“and cover,’ with full récognition that the terms do carry a wide range of meanings.

N Land use'is studied from many diverse viewpairits, by workers in pursuit of varied
objectives. As a résult, no_sirgle definition is appropriate in all contexts. Land use
studies of interest in this volume are those that describe and invenitory existing land

pses of a region. Thjs definitjon is necessary because much of the larger body of
research pertaining to land use focuses upon the assessment of land capability and
récommended land uses most appropriate given specific topographic, pedologic,
cliMyatic. and economic settings (for example, see Vink 1975). The kind of inventory of

- interést hereexamines existing land uise, good or bad; without judgment. Sucha report,

it compiled abjectively and professionally; forms the first phase in.a more comprehen-
sive process that can lead to subsequent analysis and intérpretation. As a result, this
volume addrésses conceptual and practical problems encountered in reporting existing
land use and land cover patterns.

~ More specifically; attentign is devoted to the subject of compiling land use and land
cover maps from aerial images (aérial photographs and other remotely sensed im-
ages). The maps:that result can be considered as original information in the sense that
thay are generated by first hand examination of direct evidence of theland use patterns,

rather than by compilation from secondary sources (ktich as censos information or
L I

- topographic Maps).

The resiilts are characterized by some degree of generalization because we are

interested in mapping areas of relatively uniform land use and land cover, rather than
individdal objects. Typically, we do not wish to show the uses of specific buildings
{except perhaps whief thiey might occupy Unusually large areas) but rather the major

use to which a region of contiguous buildings is_devoted. If we are consistent, and
inform the map reader of our procedures, we may be willing to accept the inclusion of a
few commercial buildings amang those classified as residential. (Acceptable proce-
duifes far doing this are outlined in Chapter 5.) As a result, maps that form the subject of

this volume must be considered members of the family of thematic maps, even though
they may be presented at Scales much larger than is osual for most thematic maps.
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' The Significance of Land Use Information - :

: The Domesday lnquest forms only one example of the sngnmcance of land wse
information in government/al administration. A number of pivotdl developments in the
history of Western civilization have been interwoven with land use issues. For example,

parliamentary enclosure of common lands in Britain (1750-1850; Hoskins 1955), the
Proéiamation Line in colonial North America; and the U.S. Homestead Act of 1864 are
- exargples of major, far-reaching social and economic developments that have centered
on land use issues: Almost all governmental units have a continuing requirement to

create and implement laws and policies that directly or indirectly involve existing or
future land use. In this context, it is surprising to realize that, untilvery recently eventhe
most modern governments were making these decisions from information that pl{oba-

bly was inferior in both detail and scope to fhat collected by William's administrators:”
Land use information is; of course, of great significance in scientific and scholarly
research. National and regional land use patterns reflect the interaction between

socnety and environment and the |anDence of distance and resource base upon man-
kind's basic economic actlvm@s aresult, gebgraphers, economists; and others have
long regarded“knowledge of regional Iand use patterns as fundamental m thenr studles

\

hydrologlcal and ; eteorologlcal processes. The importance of Iand use theory de-
veloped by von Thinen, Losch, and others working in the disciplines of regional
science, economics, and geography is ev1dende of the fundamental nature of land use

in both theoretical and applied research. In a more immediate context; land use
information is_an essential considerauon in the formdtion of public policies favorlng
orderly spatial developmeht of economic activities at several scales {Clawson el al.

1960; Jackson 1981; de Neufville 1981) s

ot

' Local é’o’ Vé'rhﬁfc:m Levels \?(

amount of iand areato allocate among)za d economlc and social activities requi
support its citizens. There is incredsing recognition that sensible use of finite, or
possibly shrinking, resolrces requires comprehfiensive plannmg of community activities

1o coordinate the number and location of private and public facilities: Uncoordinated

developmentcanleadto unpleasant land'use patterns, as well as to conditions thatlead
to undesirabte environmental, social, and economic conditions. As existing develop-
mignit and iricreasing population limit options for use of land-resources; development

may be attracted to marginal areas or cause dispiacement of important activities from
optimum sites.‘For examplé, residential or commercial development on steep slopes,
on flogd-prone areas, or on high-quality agricultural land may yield short-term benefits

s

for some at the expense of long-term damage to the community as a whole S
~ In recognition of these problems many states have legal requnrements for local -
jurisdictions to prepare comprehensnve plans outlining the Kinds of land use patterks to

be encouoraged or discouraged on specific sites; as well as favored locations for specific

uses. It must be noted that many such laws are now quite old (often they date from the
1930s or earlier), and strength 6f implementation varies widely. There can be'no doubt

that there is great variation in the quality of local plans and their administration: Yet in
recent decades it has also become clear that some form of pfannlng is essential to

) 13
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.. prevent uricontrolled distribution of economic activities from damaging efivironmental

and hurmian resources, and from disrupting efficient functioning of local ‘economies. ;
. The preparation of a compretfensive lang use plan normally involves six steps
~ (Table 1): s o e .
(1) Data Collection and Research; '
(2) Analysis;
(3) Plan Development;
(4) Adoption;.
(5) Implementation; and 4
(6) Review and Revision. S - -
Land cover and land use data are of significance in the‘first step, which requires

_ descriptibn and evaluation of existing land use. Historical surveys of land use changes -

over time can contribiite to a krowledge of trends, and can permit anticipation of - )
| potential problems before they deveiop beyond the reach of local solutions. -
" Planners often collect land yse and land cover information by direct observation .
from roads and highways — a procedure that may be satisfactory for some’purposes,
but may systematically exclude observation of inaccessible aréas. Some jurisdictions
* have developed elaborate and_detailed land use activity codes to permit systematic
_ description of land use {Table 2). Accurate and precise ‘application of these codes at

" fine levels of detail requires time-consuming effort by rather large staffs. For many .

areas, specially larger jurisdictions with rural-and -suburban land, use of remotely

sensed imagery (especially aerial photography) may greatly improve the quality and
detail of jnformation available for the planning process. ' ’ -

The availability of suitable land cover maps can greatly alter the character of the

decision making process. At the locatlevel there are requirements for two kinds of data.
The technical staff, in steps (2) and (3) of the planning process (Table 1) may require
detailed information, including large scale maps with fine detail. The general public and
 the decision-making body may, on the other hand,. require simplified maps and data

 tailored for visual and i'qgicgl clarity. These conflicting requirements form a powerful
justification for the use of hiar archical classifications (such.as that proposed by Ander- -

Son et al. 1976). Information compiled at large scale, at fine levels of detail, can be

. easily generalized by collapsing detailed level lll and W categorigs into fewer, broader
. categories for presentation at smaller scale and coarser detail: .~ . . .
Although attention may often be focused upon the technical use of land cover

maps by the planning staff, these generalized maps may play an equally significant role

in the planning process. Biring adoption, when a proposed plan is discussed and

debated, the availability of suitable maps and data can greatly alter the character of the

decision-making process. At public hearings the detailed maps 50 useful to the plan-
.ning staff in developing the plan are usually of little value for presentation to a lay

audience in a large meeting room or in printed matter designed to inform the general -
public. Simplified maps and data, presented with generalized patterns and classes;
may alter the course of a meeting by providing a standard framé of reference for
discussion and debate. Wihout sgch maps (often not routinely available at local levels

- of government), information regarding current land use patterns may be based Solely
apon p&Fsonal observations of participants, which vary greatly in completeness and
accuracy. Debates of controversial issues may be deflected frdm substantive iSsues to

__focus upon:altemative percaptions of the same situation: The_avalilability of maps

provides a standard representation of the current situation and; therefore; can enhance

Q
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T.'ABLE 1 THE COM?’QEHENSIVE PLANNING F’ROCESS '

1. DATA COLLECTION AND RESEARCH
Background Studies of Existing Condmons : =
. Trends and Forecasts * - M
Identification of Coammunity Needs ' : S

]

.2, ANALYSIS o

' - . V4
Develop and Assess Alternatwes > - { , 4 Dt
3. PLAN DEVELOPMENT ) i
Prepare Community Goals Ob;ectlves Polrc:es
integrate Components Into Comprehenslve Plan '
4, ADOPTION -
Heanngs Decisions by Planning Commission; Governmg Bodies

5. IMPLEMENTATION: g \
_ OfficialMap___-_ . :
~ Zoning:Ordinance _
Subdivisian Ordinarice .
Capital Improvements Program = o sy

Other Technigues

6 ﬁEViEW AND REVISION ©

Sourca: Virginia Citizens Plannlng Assocratron 1980.

the effrcrehcy of the decnsnon mak:ng process. If the accuracy of the map is questloned

the debate can then focus upon the specific areas of dispute, which can presumably be
resolved by further observation.

State and Reglonal tevels’

Land yse information for state and regronal PUFpPOSES ¢ differs greatly from uses by

local gover nments F’Ianrung processes at a state level often do not foliow the kinds of

. establlshed _processes mentioned earlier for local governments, and seldom are their

requirements equivalent to the state-imposed mandates followed by focal jurisdictions.

Nonetheless; land use information forms an important part of decisions made at the
state level; especially in the formation_of policy by executive agencies and of law by
legislative bodies. For example, traffic flow models used to plan _highway development

,a,t,v,,tt?e,,5‘?,‘?,,'9"9',,‘,’?99',',9 land use qa,,t?,,as,,,!'f‘P?t, to estimate traffic generated by
neighborhoods supplying traffic to specific highways. State legisigtures must often

address issues regarding allocation of land to alternative uses, either ‘in specific-

geographlc regions (2 decision to establish a state park or scenic reserve) or through

general poIICIes tailored for specific state-wide goals._(laws to assist in preserving )
" farmiand from urbanlzatlon) In either context, the availability of accurate information

At the broad; statewide scale; the character of the required.information differs
greatly from that needed at local scales. For statewide land use-and land: cover
information {6 be effective, it must be collected for the entire state at comparable levels

regarding existing uses of the state's land is important in making sound decisions:

,Zi - : _ ey
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of detail and accuracy. and at comparable dates. If compatible, hierarchial classifica-.
tions have been used. it is theoretically possible to formsa statewide data set from
information collected at local levels (assuming the unlikely precondition that alt campo- *

nent jurisdictions have collected information). In practice, However, it is anlikely that
suich an effort could be effective due tc the innumerable practical problems in coordina
tion and administration. As a result, discussion of statewide land use data must assume

the availability of staff af the state level.to assure compatibility and quality of informa?
ton. - " . , .
At local levels, it may be practical to gather data by direct observation, or to

combine direct observation with the use of remote sensing imagery. At the state level it
waulid seem to be impractical to fely pon any method except use of aerial photography
or other remote senising imagery. (Note, however; the exception to this recommenda-
‘tion in the Lund Ultilization Survey of Britain, described in the next chapter.) A number of
states have prepared statewide land cover maps. The most effective means of conduct-
ing St‘aitéWidé,ihvéhid'riés’ wotild appear to be establishment of some form of data base,
sirice'information is unlikely to be collected for the entire state at the same time. Revised
and updated data would be an essential product for any statewide effort. These factors
suggest that centralized coordination gf any statewide mapping effort is essential.
The statewide inventories conducted in New York (Chapter 3) and in Minnesota

Management Information System, administered by the University of Minnesota for the -
diate Planning Agency, evolved from projects concerning land use decisipns initiated in

the 1960s (Borchert 1974; Hsu et al. 1975). Itattempts to integrate land use informétion

represent examples of statewide land use information systems. Minnesota's Land ¢

with demographic; resource; economic, and other informatior to provide accurate and
timely information to individuals and institutions: Use of digital computers to store and

analyze data provides opporturities to examine.distributions at several scales and 1o,
examine interrelationships between separate distribuions, capabilities usually imprgd-‘
tical using other means of storing and representing data.

~ Allsuch systems share practical and conceptual problems that prevent attainment
of optimum capabilities, including variations in dates, accuiracies, and levels of detail in

source data..as well as use by individuals and institutions who do_not appreciate
limitations of the data. Nonetheless; it would seem that effective use of land cover
information at the state level requires use of some form of data base, although possibly

the most sffective designs might differ greatly from those now in use: For example; it
might be feasible and desirable to use systems with greater capabilities for interaction

with local levels of government. .

National Levels . ' : :
At Ratjonal levels. land use information is an important glement in forming policies

regarding economic, demographic, and environmental issues. n the United States,
stich policies might pertain to determining the location, extent, and character of surface

mining, losses of agriculiural land to urbarization,.national parks and defense installa-
tions, or storage and disposal of hazardous wastes, to mention only a few of today's
mary controversial issues pertaining .to land use. At this level, thése issues _are

. addressed (or often ignored) in execulive actions of the various cabinet officers or in

legisiative action of Congress. Both types of policy. must be formed using rather

ridimentary forms of land use data: For example; examination of problems related to

.

\

!
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Iesses of prlme agncultural tand to urbamzatlon is compllcated by the varied statements
of the seyverity and character of the problem. Two national programs for collecting land
use and land cover data are described in Chapter 3. The Land Utilization Survey of

Britain (1932-1938) formed a set of baseline data that have been widelJised for both

urposes. In the United States the Geological Survey’s
Geography Program is compllmg jand cover and land use maps that will Soon provide
complete coverage of the 48 ‘conterminous states. This information is organized in a

form that permits reporting of land use by political and demographic units and by major
drainage basins. These data should contribute to formation of national policy by
providing a basis for defining problems from concrete |nformatlon and by establisking

criteria for making decisions.

-

International Levels

lnternatlonar'reqmrements for Iand use data also focus uponmany of today 5 major

cuncerns considgred at their broadest p055|ble scales (NAS 1977). For example; major
changes in land Yise within the world's major biomes {most notably the tropical forgsts,

but also elsewheng) may have generated as yet unknown effects upon glgbal biochemi-

.cal cycles and upan the global energy balance. Other issues that require worldwide

'"-perspectnve mclude changes in-global patterns of agricultural and forest lands; settle~-—

m nt patterns within zones of uncertain and variable climate, and efforts tb control
environmentally questioriable agncultural _practices.

Examination of these |ssues requires collection of data from many diverse sources;
— data that are compatible in scale, detail, accuracy, and categorization. For example,~
examination of land u$e within the rain forest, considered word-wide, requires data’

from many different regions, separated geographically; and with dlfferlng political and
administrative'traditions. Exustmg data, gathered independently by ‘each nation, would
probably be of minimal‘utility in a serious effort tu_examine issues of deforestation.

Clearly an effort to coordinate details of separate surveys is requnred
In 1949; a proposal to the International Geographical Congress {meeting then in
Lisbon) outlined a strategy for mapping world land use p8tterns at ajscale. of

171.000,000 using standardized methods and co- ordlnated approaches to classifica-

tion and presentation: Althobgh the €@ommission formed for this project agreed upon a

“standard classification and upon the broad outlines of the project, apparently only d few

sheets of the,su rvey wege completed. Today the technical and administrative resources

for such a prolect would seem to exceed those avallable ln 1949 although the pro§3

and Aldrich (1979 6) ackn,owledged the substantual technical problems that the pro;ect

faced, but observe also that it requured . . adegree of mternatlonal co- operatlon

that has not ex15ted in reeent history.”
Applications 6f Remote Sensing

Remotely sensed images lend themselves to accurate Jand cover and land use
mapping; in part, because land gover infdrmation can be interpreted more or less
directly from évidenice visible on aerial images. Relatively little inference is required in

miost situations: It is possible to recognize twb approaches, or tradltlons in the analysis -

of land cover patterns as deplcted on aerial photography. '

-
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" Thereis evidence of early use of aerial photography for land use studies among
geographers interested, in relationships between environment and patterns of settle-

ment and agriculture. Aerial photographs were recognized as one of the most dramatic -

and revealing means of examining patterns_on the landscape. The American Geo-
graphical Society's The Face of the Earth as Segri From the Air (Lee 1922) represents
recognition of the role of aefial phctographs as concise representations of the complex
patterns and interrelationships between cultural and environmental distributions. This 2
volume reprgsents an analytical tradition that examines land cover and settlement 4
patterns; as depicted upon aerial images, as artifacts of the interplay between physical
envirgnment and cultrual history within a.region. Such analysés are often subjective,~ .

qualitative studies of areas' representative of larger regions. The essay by Gutkind \
(1956) forms another excellent example of this tradition. .

" A separate, more fecent tradition can be described loosely as the use of aerial
photography 16 conduct an inventory of the land_use of g specified region, ofignasan .
-elemnent of a planning or development process,The use of aerial photography for this

purpose apparenily developad rathier late, relative to many other applications of aerial
photograghy such as tgpographic mapping or soil survey, for example. Although aeriat
phdtography was used for land cover mapping early after World War Il, systematic

assessment of the prodedurés and methods did niot appear in the professional literature
_until the Jater 1950s and early 1960s (Anderson 1961). N ,
" Use of aerial photography 4s @ means of régional survey.-does ot necessarily

~conflict with the first tradition, but does tend to depend to a greater extent upon

application of specialized technigue and method — especially upon consistency of

fechiniigiie. The result is a set of maps and data tailored to mest ine speeific require-
menits of a user. It is this second tradition that forms the subject of this volume.

Land use maps are routinely prepared at a wide variety of scales, typically ranging
from 1:12,500 fo 1:250,000; At one end of this spectrum (the large scale maps),

remotely sensed imagefy may itself contribute relatively litle information lo the survey.,

its main role may b to form a highly detailed base for rec ding data gathered by other
» means. At such large scales the land use map may actually form a kind of reference .

map, having little cartographic generalization. Such products are often used at the

lowest Iévels of local government, mainlyin ugban areas, that both require such detailed
information and have financial resources to acquire it. :

Asthe scale of the survey becomes broadef (as map scale becomes,smaller), the
contribation of the image o the informational contenit of the map becomes greater,

aithough even at the smallest.scales there must always be some contribution from

\gollateral-(nor-image) information. Differing scales and levels of detail serve different

purposes and different users, For the regional pianner, the loss of resolition and detail
at smalier scales may actually be an advantage when there occurs an integration and
simplification of information that must be examined. For the medium- and small-scale-
land use surveys used in lacal planning, the product is a thematic map that depicts the’

predominant land cover within relatively homogeneous areas, whose delineation is
subject to limitations of scale, resolation, generalization,.and other constraints._
. Ini recent s: geographers and oiiers have identified and solved many of the

- more immediate practical problems encountered in systematic land cover surveys

based upon remote-sensing imagery. Both practical and conceptual issues in land use

and land cover classification have been discussed in Some detait. The U.S. Geological

Survey's classification system {Anderson et al. 1976) seems to have gained wide-

sp{eadj'acceptance as a basis for small scalg land cover mapping and as a framework

R ./«2;
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for developing clEssmca«tlons at Iarger scales Computer~based data syste s tallored

' tar the storage, manipulation, revision, and display of. large amounts of land\yse data

have been developed:and appliéd in operational contexts. Procedurestfor evaluation

- and testing of accuracies of land Useé and and cover maps have yet4o be perfected,

although there has-been considerable research on this topic: b

Advantages and Disadvantages of Aetial Imagery

_ Use of remote sensnng is not equally effective in all circumstances; so itis useful to

enumerate the primary advantages and disadvantages of employnng remotely sensed

_data for compiling land use maps., Advantages relative to most ground -based surveys

are:
(1) Use of remotely sensed data may be cost-effective. Purchase of
|magery and other materials may requiresonly small or modest

expense. Good results can be achieved by staff.with only modest
experience; if personnel are diligent and properly supervised.
Speed maybeé_an advantage if the area to be mapped is large, or if

dccess to some areds is difficult; Once data and imagery are in

hand maps ‘can be prepared quickly; revisions, updates and ’ L
Corrections can be completed efficiently. : )
(3) In some areas, accuracy may be very good and can be checked

by- re-examining the aerial images. Time consuming field work
can be focused upon problem areas that may be idéntifiable
beforehand from preliminary &xamination of images. ‘

(1‘) Aeridl images form an histogical record of land cover patterns at

previous dates;.so maps of land cover changes can be prepared

__ from archival images. .
(5) Maps generated by anajysns of rerotely sensed data typically "
exhibit some degree of genérallzanon The interpreteris required
.to identify and delineate areas of relatively uniform land use. The

degree of generalization must be tailored to user requurements 4

but it i$ clear that generalization i$ usually desirable; generaliza-

tion that is very difficult to achieve using ground observations.
(6) Aerialimages inherently hayeﬁaﬁrpaoilugfeformat thatlends itself to
‘ ‘ COmpllatlon of maps and to other operations less easily under-

taken with other forms of data. - ;

(2

~

~—

Disadvantages and limitations to the use of remotely sensed data can also be

enumerated: S ) i B

(1) Conventional ground based land use survey is often COnducted
atevels of detail too fine to be compatible with detail mterpreted

from usual remote sensing lmages"tand use coding can extend

to detail corresponding to individual lots and buildings {Table 2). If
such detail js required, use of remotely s sensed data may net be

appropriate, or may be best used. as*a’ supplement to other
methods. (Aerial i images-ean, of course; be acquired dt very high
levels of detail which would not usually exploit the advantages of

the |magery ) : P

-7



TABLE 2' EXAMPLES (L LAND.USE ACTIVITY. CODES ___

TWO-DIGIT ACTIVITY CODES £
0 Housing: :

01 Household Units ' . . " AT
02 Trﬁn,S,'ent,,'odg‘fngs
04 Group quarters
09 Other ﬁesudentlal
. 1 Wholesaling, Warehousing, and Storage N
J 10 Wholesalers with Stocks
_ 11 Warehousing and Storage.
2 Manufacturing (Non-Durable): - -
21 Food and Kindred Products : ’
_ 22 Textile Mill Products ]
. THREE-, FOUR-DIGIT }SQIJVFTY CODES
68 Wholesalers Without Stock:
683 Dry goods and apparel
N, 6832 Dry goods, piece goods_
6835 Agparel and accessones
4 6835 Footware
6829 Others

B

\ - - - — ERE—
Source: Scott et al. 1972, . -

~ (2) Financial constraints may requwe use of 'ai"c'hive'd Imagery or

images acquired for othier purposes: Image quality may not suit

the immediate use: )f itis necessary to map large areas, it maybe

especially difficult to acquire archival imagery for the entire region
with compatible dates, scales, and qualities.

(3) Organizations may experience delaysin identifying and acquiring

appropriate imagery. The search for imagery may require contact

with npmerous organizations, and the process | of ldentufymg po-

tentially useful imagery, then assessing coverage and quality, - °

Al

may require significant amounts of time. Delays while images are
reproduced may be significant. _ -
(4) Alihough remote serising imagery can often be used with a

minimum of eqcupment even the most modest requirements of
trained staff and space may prevent use in some Situations:

{5) Land cover is, of course, often usedasa surrOgaie for land use

- when-aerial images are gsed: Althougtrthe distinction between

the two may often_be irrelevant for many practical purposes, it

assumes greater Significance ds mapping scales become larger

and classifications become more detailed.

O

ERIC

Aruitoxt provided by Eic:

Advantages and Disadvantages .

17



Q

ERIC

Aruitoxt provided by Eic:

Land Use Inventory in Retrospect

Today's land use and land cover maps have a characteristic form and organization

that-seems to be an obvious, simple,.and straightforward means -of mapping land-

- scapes. The maps seem so familiar and simple thgt we tend to accept this form as the

. only, or the ‘natural;’ or the ‘right’ ‘way to make such maps: In fact; map characteristics

are not fixed, and are not the only way to organize land use informationin mapform.The
maps that we use today have evolved from previous forms. In this chapter, we outling

the evolution of land use and land cover maps and illustrate changes in respect to map
purpose: form, and organization. We focus upon the evqlut|0n of the kinds of bréad-
scale land use/land cover surveys that have been of greatest interest to geographers

and those in allied fields. One purpose is to place the characteristics of current maps

and data into historical context and to relate today's maps to their predecessors. Qur
present maps; often prepared with the use of remotely sensed imagery, continue some
features of early maps and dalta, which were, of course, compiled from direct observa-
tion from the ground.

Itis difficult to define a clear beginning for the practice of and use mappmg Wallis
{1981} identified an origin in the property surveys of large estates in Engdland and

_Frarice during the sixteenth and seventeenth centuries: She also defined links to

cadastral and topographic mapplng, and to city plans and insurance maps of the
nineteenth century. Thomas Milne's map of London and nearby areas (1800) is often
cited as the first ‘true’ land use map. His map, at two inches to the mile, anticipated

many features of moderr land use maps; |nc|ud|ng some current conventions in the
uses of colors and symbals to depict land use regions.
Other origins for current land use maps can be identified in many of the thematic

maps that came into use in the early nineteenth century (RobmSOn 1982). In thematic

maps showing both demographic and physical distributions; we can see precedents for
the logical organization and the Symbolization used in modern land use maps. The

broad-stale land use studies of interest to many geographers have; perhaps, anorigin

in the regional studies represented so well by the work of O.E. Baker. His map,
Agricultural Regions of North America (Baker 1926), is not a land use map in the usual

meaning of the term, but does represent the kind of regional analysis from which many

aspects of modern land use maps have evolved. THiis map; one of a series by .several
authors on world agricultural patterns, is a kind of specialized land use map — amap of

agricultural land use, compiled tgg]ggggrgglnggglgg[al gconomic, physical, and census

information. Baker showed 18 categorles mapped in rather broad detail on.a small-
scale map of North America. The map, despite its differences frony modern land use

. maps, can be seen as a kind of model for our present maps in respegt to overall purpose

and organization. Although Baker ased only 18 categories ata smgle level of detaul he

27 -
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The Laid Utilization Survey 19

-recognized in his text that each of these is, in fact, the most general category of a

hierarchy within each region. Baker's map can be seen as an example of a kind of

geographic approach that is an ancestor of today’'s more spécialized land use maps.

The Land Utilization Survey of Great Britain

_ The Land Utilization Survey was concucted during 1931-1938 under the direction
of noted geographer L. quley,Stamp. According to Stamp's accounts, the e had long
been interest among leading British geogdraphers for some sort of national land use
survey of England, Wales, and Scotland (Stamp 1960; 1962). Apparently there was

support for the idea among academic geographers and from the geographical societies
during the early years of this century. Stamp also noted concern for changes in the

British landscape resulting from the depressed economic conditions in the late 1920s,
especially in rural areas. Agricultural land abandonment and accompanying landscape

changes were especially disturbing to those accustomed to the previous rural sefting.
~ The Land Uiilization Survey was furided in part by research fonds from ‘the London

School of Economics (indirectly supported by a grant from the Rockefeller Foundation).

Very littie financiaksupport was available, and much of the work was completed through
volunteer effort. Support also was provided by the Ordnance Survey, the Geographical
Association, and the Education Association: Other governmental agencies provided

rion-financial support and advice. . S
Stamp (1951:374) described the Survey as *“._. . a national stocktaking of land

" tesources, using the methads familiar to all geographers; relying essentially on field

work and direct observation.” The entire land area of England, Wales, and Scotland
was mapped using volunteer observers who recorded the land use using Ordnance
Survey topographic maps s a base. Volunteers were recruited through educational
and governmental agericies of through a descriptive brochure outlining the project, At |

the time; the entire country was covered by a map series at 1:10,560 (six inches to the

. mile). Each sheet represented six Square miles, and depicted field boundaries, build-

ings, and other cuiltural detail: Approximately 22,000 sheets were required to represent

the land area of England. Wales, and Scotland, so about 22,000 volunteers were

necessary. Observers recorded the land cover of edch parcel using the classification
system devised for the survey (Table 3). :

Coleman (1980) noted the unique coincidence of conditions favoring application of

this approach in Britain. Britain has complete coverage by large scale topographic
maps which depict field boundaries and other cultaral detail. The vast majority of the

land area is easily accessible to direct observation from the ground without long or
arduous travel. The population provides a large pool of capable and willing volunteers.

Even today there are few large areas that possess these characteristics.

~ The completed survey depicts condition§ observed during 1931-1932. Some

remote areas were not surveyed until 1938, but the majority of the field work was
completed by 1932. Once ‘field work for a sheet was done, manuscript maps were
checked (sometimes in the field) for accuracy and for agreement at the edges. Informa-
tion was reduced for presentation at 1:63,360. At this scale, only 140 sheets covered
most of Britain. Finai sheets were published in color. A series of documents, collectively
entitled The Land of Britain (published 1937-1947) accompanied the completed maps.

_ The scope, detail; and speed of Stamp's survey are remarkable, especially in view
of the fact that it was completed without the use of aerial photography. The results have

formed a set of benchmark data against which scholars and administrators have since
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TABLE 3 tEGENB’FOR THE LAND UTILIZATION SURVEY
OF BRITAIN . ' i .
Forest and Woodland
High Forest
__{specified as Coniferous, Deciduous, or Mixed) =~ = 3
Coppvce
Scrub
Forest cut and not replanted
Meadowland and Permanent Grass

Arable or Tilled Land, Fallow Land. )
Heathland, Moorland, Commons, Rough Hill Pasture
Gardens .

Land Agnculturally Unproductlve Bundmgs Yards Mlnes
Ponds

Source Stamp 1951, . ’ .

cpmpared exustlng condmons Durlng the Second World War and dunng the racon-

straction that followed, survey resalts were espemally valuable for governmental plan-
ners and administrators. As the first modern survey of its kind, the methods developed
for the Land Utilization Survey form a precedent and model for subsequént surveys.

Coleman. (1961; 1964) described more recent land use strveys in Great Britair,
including the Second Land Utilization Survey, introduced in 1961. The second survey is
more detailed, in respect to both cartographic and taxonomic detail, butis analogous in
many other 'r'es'p'e'cts' to the original effon.

The Land Ciassification Program of the TVA ‘

_ The Tennessee Vailey Authority-{TVA) was established in 1953 Qy the ‘U.S.
_Congress to integrate development of the Tennessee River Basin. The TVA's Land
Class'ilcatlon Program was developed and applied under the dnrector of G:D: Hodson

TVA s Iand classmcatlon was essentxany aiand capabllxty categonzatlon that used
existing land use as only one of several sources of information. Slope, soll; vegetatlon

size of land holding; and many other variables were used in a syslematic program to
assess land capability. The project employed the unit area method for observing and
recording land information. In essence, the method is a procedure for systermatically

coding parcels of land in respect to land use; but also in regard to land capability. The

- procedure is based upon a concise notation for coding each parcel, as described in-

detail by Hudson {1936}, using a ‘fractional code’ that records both current land use and

physical characteristics of edch parcel (Lounsbury et al. [1981] provide an example):
The unit area method had been_developed earlier for recording ground observations;

- but was applied to aerial mosaics (apparently for the first tlme) in the TVA surveys

(James and Jones 1954); Workers in the field used the mosaics mainly as a base for
recordlng field observatlons but it seems inevitable that they must have also used the
mosaics for a kind of rudimentary photointerpretation for land use lnformatlon

The World tand Use Survey -
At the Lisbon Conference of the International Geographacal Congress (Apr|I 1949)

a proposai was made to map the land tjse of the earth using a common map base and

- ¥ E—
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legend. The project was intended as a means of providing land use information useful in
the economic development of what is now relerred to as the Third World. Then, as now,
these nations were often without satisfactory knowledge of their own human and

environmental resources. Even the most basic efforts to improve the transport and
agricultural infrastructure require knowledge of existing settlement patterns and their

relationships to resource distributions (Kellogg and Orvedat 1969). A World Land Use
Commission began its work from the premise that™. .. present factual knowledge is
inadequate to serve as a proper foundation for Schemes of improvemerit and develop-

ment; especially in those areas which are commonly regarded as ‘underdeveloped’ *
(GU 19524). - S L
The plan was to map the existing land use of the world, producing descriptive data

derived from actual survey, rathér than sécondary information or subjective assess-
ment. The work was 13 proceed in sevéral steps, (Van Valkénburg 1949; 1950):
(1) Agreementupon a uniform base map and a common legend. At -
a meeting subsequent to the Lisbon Conference, the Interna-
tional Map of the World at 1:1,000,000 was accepted as the
standard base for the completed maps. Initial compilation of data
was to have proceeded at such levels of detail as required to

accurately- map land use in each individual region. Although
coverage of the International Map of the World was incomplete,

sheets of the _World Agronautical Charis, published by the
- United States Coast and Geodetic Survey at 1:1:000,000,-were
available for the entire land area of the earth. At the time, this
map series formed the largest scdle coverage available for the

o entire earth. S
(2) Staff training in the theory as well as the practice of mapping

~—

land use at the proposed scale of the survey. The proposal
explicitly recognized the usefulness_of aerial photography in
compiling the maps, and acknowledged the requirement for,
accompanying field observations. )

(3) Actual mapping was to have been completed by individual

; nations under the supervision of staff trained in the methods and
,f _ conventions of the world survey. . :

(4) Completed maps were to have been published in & comjnon

format, Using Standardized classification and symbols (Table

4). All maps were to have been accompanied by descriptive
reports:

, -

_ An international World Land Use Commission dppointed by the IGU Congress met

in December 1949; The report of the Commission described the classification system,
the outline of the project; and the character of preliminary work in several diverse arees
of the earh, including-India, Cyprus, Switzerland; Iraq, and several regions of Africa,
Lounsbiiry and Aldrich (1979) described work in Puerto Rico that @apparently formed
one of the pilot studies for the World Land Use Survey.

Considerable effort was devoted to establishing an administrative framework for
guiding and coordinating the work. The IGU and UNESCO were involved with the

planning from its early days, and numerous national governments and.professional

societies cooperated with efforts in specific iations and regions. Much of the planning

- Ju
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IABLEA—LEGEND EORJNQRLDLLANMJSESUBV EY MAPS

. Settisments and Assoclated Non-AgriculturaI Lands
2. Homculture
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Cropland .
a. Continual Rotation Cropping ) v
_b.Land Rotation  ~ s
. Improved Permanent Pasture
. Urimproved Grazing Land
. Woodlands® *
a. Dense '
b. Open
¢. Scrub
d.-Swamp
e: Cut or Burned Forast
t. Forest with Subsidiary Cuitivation:
shifting cultivation -
___Jorest crop economy . '

8. Swamps and Marshes
9. Unproductive Land

N O

aWoodlands can be further desugnated as deciduous, broadleaved ever- *
green, etc.

el B e :

- Source Van Valkenburg 1950.

e A

Europe

A number of publications document the progress of the survey over a period of
many years (Tregear 1958; Chistodoulou 1959; Niddrie 1961; Lebon 1965). Coleman

(1980) summarized characteristics of major land use sorveys, inclading many of those

assocuated with the World kand Use Survey. Many of these reports differ; it seems; from
‘the objectives of the original concept. They follow a problem-oriented approach fo land

use Study. focusing upon the unique features of each region, rather than the inventory

strategy implicit in the original proposais: The two approaches are not necessarily
mutually exclusive; but the difference between the original concept and the actual
product seems to reveal an absence of focus and coritrol requured to coordlnate a
project of such scope.

A number of reports publlshed as part of the World tand Use Survey appeared

piecemeal; without evidence of the administrative and scientific coordination required
to implement the original concept. Other documents generated" by the Commission

oiitlined the requirement for close coordination; so one assumes that these failings

were the result of limited financial support for the project. Although the individual reports
have considerable merit, it seems clear that the project as a whole fell far short of its

intended goals. Despite the failure to achieve its ambitioos objectives; the project did

‘leave a solid body of knowledge regardlng the key issues and problems encountered in

a’broad-scale land use mapping. The requirements for standardization, careful coordi-

nation, uniform_training of staff, and pilot projects in representatlve areas of the

surveyed regions are clearly documented in Commission reports.

.
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Althdugh fedof the published reports are based upon aerial photography, the

Woarld Land Use Commission did investigate the possibility of using aerial photographs

as a basis for land use mapping. Among the work of the Commission is one of the first
formal, syStematic investigations of the feasibility of using aerial photography as a basis
for land use mapping: »

The maps, being compilations from aerial photographs, are ex-
perimental, and improvements in technique and accuracy are
constantly being made. They have already shown How complex

is the pattern in areas previously fégarded as relatively uniform.

They have shown the need for working on a larger scale than
envisaged by the Commission. Obviously the correct procedure
wiil invoive spending some time in the field comparing both

photographs and maps with conditions seen on ‘the
ground. . .. Obviously, too, the interpreters must be experi-
enced geographers, ecologists, botanists or agriculturists, pref-
erably with firsthand knowledge of the areas with which they are
dealing (IGU 1952:17):

Marschner's Survey

i LTS S
_ FJ.Marschnér's tand Use and lts Patterns in the United States was published in
1959 by the U.S. Department of Agriculture. His wogk presented a comprehensive
description of land use patterns in the coterminous United States and identified physical

factors that control the distribution and development cf the existing patterns. Marschner
organized his work in three main segments. Firstis a textof about 100 pages describing

the existing land use of the United States and historical development of land'survey in
ihe United States. Additiondl sections ootline the acquisition of lands by thé United

States, physical constraints upon land use {including geology, soils, climate; vegeta-
tion; hydrology, and industrialization), regional descriptions, and accounts of histarical
evolution of 1and use patterns. . R D
~ The second portion consists of 168 large-scale, black and white aerial photo-
graphs representing major land use patterns within primary physiographic and climatic

regions in the U.S. Each photograph depicts @ pattern, or set of patterns, representing
the interactions of cultural processes with the jocal physical environment — graphic

representations of the contrasts between major land use regions: A brief written
description identifies the location and Key features of patterns on each image.
The third portion is a colored map at 1:5,000,000 reprinted from the 1950 Natignal

Atlas Sheet at the same scalg,Thig' map was prepared largely from black and white
aerial photographs; Marschnér reports #at he was able to acquire.almost complete
coverage of the eastern states, but only partial coverage for those in the West. In areas
where photographs were not available, or where land use could not be determined from

_ aerial photographs alone, supplementary use was made of pedologic, topographic; and

geologic_maps. Information from these sources was piotted on_state maps_at
1.1.000,000. The manuscript maps for each state wére used to produce the

" generalized version published at 1:5,000,000. This national map shows fourteen

categories of land use {Table 5). Superimposed over the land use pattern is a dot
pattern showing the distribution of cropland as recorded by the Agricultural Census of

1945" For many years; a reduced version of this map formed the basis for the land use

a<
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_ TABLE5 LEGENDFOR MA:/O/# LAND USES OF THE UNITED
_STATES (1950)

LCropland and Pasture Land
Cropland, Woodiand, and Grazing Land
;lirrigated Land
Forest and Woodland Grazed
Forest and Woodland Mostly‘Ungrazed
. Subhumild Grassland and Semiarid Grazing Land
* Open Woodtand Grazeti
Desert Shrubland Grazed
Desert Mostly Ungrazed
Alpine Meadows and Mountain Peéks Above Timberline
Swamp
Marshiand
Maetropolitan, Cmes
Cropland (not lrngated) includes idle and fallow land and cropland, as
well as crbpiand gsad for pastare (Marschner symbohzed this cate-
gory by a dot pattern supenmposed over the solid symbols used for - . X

the other categories).

map of the United States publishéd in Goode's World Atlas (see for example the 12th
edition: Esfenshade 1960). Later editions have substituted an undated map entitled

Environments showing nine land cover categories, but with no discussion .of source

material or method of compilation (see also the map in Thrower 1968). The original map
is rather unwueldy and difficult to locate ; thus, atlas versions itiay be mofe convenientte
examlne

Marschner's map illustrates an early use of aerial photography as the basis for a
broad-scale land use survey; and forms an example-of a map that combines original

observations of land cover with secondary census information. Itdiffers from the plan of

the World Land Use Survey and later mapping efforts, in belQQ essentially an individual

effort to present a smgle representation of Ianduse of a vewy large region ata rather
coarse level of detail..

The development of New York [ Land Use and Natural Resource (I:UNR) inven-

iory forms another landmark in the history of land cover and land use mapping.

Although it wa.é not the first survey of its kind, it marks an important departure from most
earlier surveys and forms a prototype for many of the geographic data bases that have

become popiilar in recent years. In addition, it is notable for its broad areal coverage in

relation to the detail and varleiy of the land characteristics recorded.
The LUNR Survey was developed during the mid- and late- 1960s ‘using

techniques 2nd concepts ¢ conceived at Cornell University for studying the land use of

several smaller regions within the State of New York. Many of the methods developed

to maphese relatively small areas were refined, then applied fo the.entire state to form.

33 =



N York’s LUNR Survey 25
the basis of a state-wide lnforrnatroﬁ system for land resources. (Hardy 1970; Shelton
and Hardy 1974) Some of the importaht éha‘saéteristi’k:s of the LUNR inventory are:

L " .

(1) Aerial photography formed an lmportant solurce of mformatron

for the survey. Its routine use as the basis for a project of this

scope forms a noteworthy event in the history of land cover .
mapping. During and after development of the LUNR inventory,
professional journals carried articles discusgsing the role of aerial

photography for land use and land cover mapping; so the LUNR
inventory was conducted during a period when scientists were
still developing the coniceptual and methodological frameworks

~ foruse of aerialimagesin land resource mapping of large areas. )
{2) The LUNR inventory recorded,-at fine.levels of detail, land use/
land cover Informatron for the entire land area of New York State.

-This area is, of course, much smaller than the areas mapped by

the programs previously described; but the level of detail is much
finer. Greater detail introduced numerous practical problems in

the recording, registration and dlsplay of information which were

encountered for the first time at such.a broad scale. The scope of -
the project required the close coordination of many individuals.
working-as a team.

(é) Use of dlgltal computers to store and manipulate data enabled
the survey to record Iarge amounts of data and eﬂlcrently to

nupulatlng and dlsplaylng information) which would be lmpractl-
cal using completely manual methods.
Many of the methods employed jor the LUNR mventory can be

regarded as rather rudimentary, bat they\Lerct a deliberate

effort to develop simple; inexpensive methads that could be
gasily transferred to other Settings. The LUNR survey preceded

LANDSAT, mini-computers, widespread availability of digitizing

(4

~—

equipment; and the routine availability of high-altitude photog-
raphy. Therefore, it is Important to remember that many

. technological developments novy accepted as commonplace

were not roatinely, avaliable to the LUNR inventory. The survey
was_ specifically designed to use rather simplé interpretation
equipment and to require only basic skills and experience; an

gffort to enhance opportunlt|65 for tramsfer to other states and to
Third World nations. .
{5) The LUNR inventory was perhaps ahead of its time in thatrtwas 3

, developed daring an era when the merits of land use surveys

were not widely recognized. Implementat:o%ofthe program was
approved by Nelson Rockefeller, then Govefnor of New York, in

an act that parallels {probably colnCIdéntIy) the Rockefeller

. Foundation's indirect support of Stamp's 1931-32 inventory of

; the land resources _of Britain, The inventory was eventually
discontinued due toits gggtﬁangftoiailack of interest on the part of

" those who might have benefited most from the information. it is
probably true that the LUNR inventory formed a prototype for

- 34
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similar surveys in other states — surveys that have continuedto

provide information-of considerable value to land managers and
administrators: ‘

Unhke the prevuous surveys, the LUNR mventory requured a aniform spatiat unit for

data collection and storage, plus an accurate, systematic, geographic reference sys-

tem to record positions of these units. This requirement followed from the fine spatial

detail of the survey and was necessary for convenient revision and updating of informa-

tion. The LUNR iriveritory used the UTM (Universal Transverse Mercator) grid system

as a locational framework; each UTM celtrepresents 1.sq km (247.1 acres; 0.381 sqmi)
of the eanh's surface. Each UTM cell forms a unit of the LUNR inventory. The UTM

system forms d@ worldwide reference system, so it covers the entire state and is
compatible with other systems based on the UTM reference\

Land cover and other information for each cell were record ‘d on computer cards

whieh were used as the means of . stormg and updating the information that formed the

dafibase :Manual interpretation of black and white photographs at scales of 1:6,000 to

1:24.000 formed one of the most imporiant sources of information, altholigh pedologic

and geologic maps, public land .records, direct observation, and other reports and

directories were also used. Eleven majaer categories were used to classify land cover

(Table 6): Most categories could be subdivided to distinguish between areal data
{recorded as areal proportions_of each cell), linedr data {presence or absence of

highways or raﬂways forexample), and pomt data (such as the occurrence of buildings
within a cell).
The LUNR inventory follows in the tradition of some of the surveys mentioned

earlier: land use of‘a pdlitical Uit is recorded. theri presented in map form. However;

the LUNR survey incorporated new features that have subsequently been used

routinely in similar systems that cover all or parts of Minnesota, Virginia, and Kansas,

for example These new featutes include routine use of aerial photography and other

remote sensing imagery (often as one of several sources ‘of information), ‘use of

Computer data bases; provision for routine updates, and the integration ofland use data
with other physical and socio-economic data.

TKBLE 6 NEW YORK'S LAND USE AND NATURAL
RESOQURCE (EUNR) CLASSIFICATION. )

Agnculmre C S /
ForestLand _~ ° '
Water Resources

Wetlands

Residential

Commercial and Industrial
Outdoor Recreational Land Use
Extractive lné'ﬁs(ry

Public and Semi-Public Land USes
Transportation

Nonproductive Land

Source: Hardy 1970. 3 -
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USGS Land Use and Land Cover Data and Maps

The Unrted States Geological Survey (USGS) Iand cover mapping program is an

etfort to map the land use and land cover of the Unlted States atscales of 1:250,000 and

1:100;000: Patterns of land use and lard cover are classified using the system de-
signed by Anderson and colleagues {1976) specifically for mapping at the ratheg broad
scales riecessary for a nationwide survey. James Anderson and Richard Witmgr at the

USGS collaborated with Ernest Hardy and John Roach at Cornell; who weré- able to

"caontribute experience acquired during development of the LUNR inventory.. The clas-

sification system is designed specifically for use with remotely sensed data, but was

developed after carefal examination of existing land use classification systems in use
throughout the nation, as well as_existing maps and data (Table 7). Its_hierarchial
structure, with two published levels of detail, permits convenient use with remotely

sensed datat at varied scales and resolations: tevels | and Ilyare appropriate for
mapping rather coarse levels of detail; such as the scales of 1:250,000 and 1:100,000
used in the USGS program but are compatrble wuth more detailed classifications at

applicable within the U.S. and Canada, defmrtlons of appropriate.level Ill categories will
vary depending upon the local setting, the purpose of the.survey, and thé kinds of
imagery availatle.

The USGS program records land use and Ia(id cover data {Figure 4) at scales of

1:250,000. using the USGS one degree by two degree 1:250,000 map series as a base

- (Anderson 1977). As maps at 1:100,000 become available they will form the base for

land use data, although the information will retain the same level of detail shown on the
1:250,000 sheets. Land use and Iand cover information is interpreted from high altitude
black and white, color and golor infrared positive transparencies, tHen recorded directly

on scribecoat masters that form the basis for subsequent map{and data: Interpreters

use standard equipment and the usual monoscopic or stel’eoscoprc interpretation
methods assisted by binocular microscopes.
The USGS program generates at least six forms of data that must be accurately

regrstered to each other in both cartographic and digital form {of course only the land

, use data are mterpreted from aerial photography)

(1) Léhd use ’a’n’c Iahd cover dafa,

(2) Boundaries of polutucal units.

(3) Hydrologic information; - - -
{4) Census county subdivisions, )

(5) Federal land ownership. and

(6) State land ownership.

A completed land use/land cover map sheet could mclude as many as 37 separate

categories. A full sheet might have 4000 polygons wnth some 10,000 separate line

segments: Complete coverage of the United States {on the one by two degree sheets of
the 1:250,000 series) consists of 831 sheets. .
_in part because of the immense task of generating, stormg, manrpulatmg edltmg,

and analysing 50 mach information; the USGS created the GIRAS {Geographic Infor-

mation Retrieval and Analysis System) for manipulating the data in digital form (Mitchell -
et al. 1977). GIRAS pgrmits convenient handling of digitized land use information.

Although the exact details of the system have varied as it evolved; itis a batch system
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TABLE 7 THE 1976 USGS LAND USE AND LAND COVEF!
CLASSIFICATION —-
Levei | tevel Il

-

;1 Urban or Built-up Land 11 Residential

. 12 Commercial and Services

13 Industrial
14  Transportation, Communications; and Utilities
: ’ 15 Industrial and Commertial Complexes
Lo Mixed Urban or Built-up Land s ’
- . L 17 Cther Urban or Built-up Land
Agricultural Lang '21 Cropldnd and Pasture

22  Orchards, Groves, Vineyards, Nursenes and
- Crnamental Horticultural Areas
.23 Confmed Feeding Operanons
24  Other Agricultural Land
3 Rangaland 3 Herbaceous Rangeiand
32 Shrub and Brush Rangeland
) 33 Mixed Rangeland . .
4  Forost Land 41  Deciduous Forest iand
42 Evergresn Forest Land
. 43 Mixed Forest L.and
5 Water 51 Streams and Camis
52 Lakes
53 Reservoirs
54 Bays and Estuaries

6 Welland 61  Forested Wetland __
: I 62 Nonforested Wetland
7 Barren Land kel Dry Salt Flats Lo ,

72 . Beaches .
73 Sandy Areas ( othier than Beaches
- 74 Bare Exposed Rock
g 75  Stiip Mines, Quarries, and Gravel Pits
76  Transitional Areas -
- o 7 Mixed Barren Land
8 Tondra 81 Shrub and Brush Tundra
82 Harbaceous Tundra
83 Bare Ground Tundra

e 84 Wet Tundra -~
z o o 85  Mixed Tundra
9 Perennial Snow or Ice K:)) Perennial Snowfields
v 92 Glacigrs ——-———— ;
Source: Anderson et al. 1976. .
. <

with an organlzahon prowdmg capabnintnes for datampm and edmng, data retnevafand

manipulation, and data display and output,
Pata input is by digitization — the process that converts the graphrucr Infcrmatmn

scribed by the interpreters into digital form subject to manipulation by computer This
prccess is among the most complex and the most important of any inthe gystem, as it
determines the overall efficiency and accuracy of the graphic display. Inmauy haUSGS

experimented with Several approachies to_digitization, inclading manually operated

cursors, before depending mainly \ypon use of a laser scanner. Data mput is closely

37 .
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associated with ediling as only clean, accurate data can be passed on to subsequent

steps in the process. As « Tesult, data are presented in a standard format; edited for

errors, and redoced in volume (for example, by removing non-essential points in line
data). ) - T

To permit efficient retrieval and manipulation; the GIRAS structure was designed

specifically, using accepted principles for handling spatial data, to handle geographic

information in polygon.form. Separate files for each map section retain information

concerning arc records. coordinate data, polygon data; and information relating specific
arcs to polygons. Information can &e retrieved by area, or by selecting features or

. classes of categories. Fuil maps ar portions of map Sheets can be displayed using drum

plotters. CRTS, line printers, or other devices. Masters for cclor maps can be generated
using peelcoat cut by flatbed plotter:
The boundarigs of political and census units, as weli as major drainage basins

have also been digitized so that land use ano land cover data can be retrieved,
displayed, and tabulated in a format compatible with fheir intended use and with other

data.'As a conseqgaence, it will be possible to associate changes in land use over time,
for example; with variations in stream discharge data routinely collected by the USGS,
and with other- démographic and agricultural data gathered by other governmental
agencies. : .
Although land cover data are gathered at levels of detail generally considered far

ioo coarse. for effective use at local levels of government, pilot stadies have de-
monstrated their utility at state and regional levels. Completion of coverage for the

entire nation will permit examination of relationships between physical and demog-
raphic issues that would not have been previously possible at national scales. Espe-

cially intriguing are the opportunities presented by repetitive photographic coverage for
updatinig the nation’s land use and land cover information. Planned updates of land
cover information present an opportunity to systematically monitor changes in land

cover over time, and thereby to assist in dealing with long term problems such as losses
of agricultural land to non-agricaltoral uses or understanding the hydrological implica-

tions of demographic; economic, and land use changes within specific drainage basins.

Aerialimagery is now used in the completion of tasks formerly undertaken by direct

observation from the ground. ¥ wé comipare many of the most recent land cover
. inventoriés with those produced before the use of aerial imagery, we find few real
innovations in procedure or form. Instead the formats accepted (for example, by
Stamp's inventory) survive today with only minor anodification in current maps and
inventories. As a restilt, mast of the conventions that we accept as standard practice for
the preparation of land use surveys have origins in earlier practices. Most of the
inventories described present land cover patierns on map bases derived from standard
Sopographic series or their equivalent. Land use information is therefore presented in
clear relationiship to cultural and physiographic landmarks known to the reader or
identifiable from readily accessible sources. Use of an accurate planimetric base

permits measurement of areas and representation of correct spatial position.

With respect to classification systems, these inventories exhibit some consistency

in regard to identities of -categories, but there has been some change in logical
organization. Many of the earlier systems (such as those of Stamp, Marschner, and the
LUNR survey) aré organized at a single level of detail; although selected categories are

favored with subdivisions: Daring the interval that some of these tlassifications were in

o - o 35 .
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i
se, dctivity cedes de5|gned for ground survey at the local Ievel were routinely or-

gam zood 10 a hie rarchial manner using several levels of detail. As aresdilt, it is S surprising
to find that it was not untii the 1970s that fully hierarchial classifications were formally
proposed for use with remofely sensed data {Anderson 1871; Anderson et af. 1976):

In the use of aerial imagery, the inventories described here cover a spectrum
ranging from no.use whateoever to significant dependence. Stamp's survey ‘relied uporni
direct obsetvation in‘the held with no use of deriél photography: The TVA suryey used

aerial photography as a kind of cartographic base for recording field observations in a
region that was without accurate base maps at the time. No doubt photographs were
also used as a rudimentary source of information in inaccessible regions. Marschner’s

survey used derial photography as a means of delineating broad- scale land use

regions: bat did not attemnpt to map.at the fine ievel of detail used by Stamp and others.
Methodologically. if rnot chronologically, Marschner's Survey represents an_inter-

mediate phase inthe use of agrial imagery as ‘a source of information for detailed land.

use inventory. The pilot stodies for the World Land Use Survey applied aerial photo-’

- grapny as a source of fand use information at rather fine levels of detail, and developed

the procedurat and conceptual frarmeworks for routine use of aerial | imagery forland use

mappmg Finally, the land use inventories conducted by the LUNR staff and the USGS

have developed comprehensive land use inventories based almost exclusively upon
manual interpretation of aerial imagery. :
Estes {1982:27) noted that despite the byoad scope of researchin remote sensing;
“The only really proven technique is conventional photo interpretation.” As a result, it
seems clear that we have yet to experience the real |nf|uence of recent ddvances in

remote sensing technology upon the forms, conventions; standards and methods that

we now accept as standard fqr land use inventory. As users of remote sensing data

come to use an increasing proportion of the available remotely sensed data, we are

likely to see— hanges in the symbols, formats, and conventions used to prepardland

cover maps. It is now too early to suggest what these changes may be; but we can

expecf’them to evolve from rather than replace practices currently accepted as stan-
osrd for manual mterpretanon of aerial images. L

FIGURE 4 PORTION OF A USGS LAND USE AND I:AND COVER MAP.
This map shows land use in the Harrisburg, PA region; it registers to the Harris-

- burg, PA. 1:250.000 topographic map puoblished by the USGS. Here land use is
shown in the conventiunal format — polygons,are designated by numbers that

correspondto categories in a. classification system. Here the numerical symbols

designate level |l categories in the USGS system (Table 7). These symbols; of

course; identify only the predominant fand use category for each polygon. This
map_{also,shown in color on the cover of this volume) is typical of those in the

series produced by the USGS for the United States. Land use information is

interpreted from aerial photography; then portrayed at 1:250,000 as . illustrated

here. This ipcludes a complex_ mrxtqrfeﬁojjgrested ZH ) and agrrcultural land
{"21") together with urban and sabarban land (13, “16;,"717" )assocraga

with_built up areas in_and near Harrisburg. The Susquehanna Rrver flows from
northwest to soatheast across the area; aiso.visibie is a portion of the tran3porta-
tion network formed by the junction ofseveral interstate highways:-(Map provided-

by the Geography Program; U.S. Geological Survey)
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Prin nciples and Gonventl s for P eparing

Land Use Maps . : ;

_ The earth’slanduse and land cover patterns are symbolized on maps by a mosaic
of discrete parcels, éach assigned to one of several land categoriés. Land use maps
therefore Use a cartographic model that requires every location in the mapped regionbe
assigned 1o a single land use category, such as agricuitural; urban; or forested land.
Land use categories actually differ from those used in many other mosaic maps of

similar appearance because they are defined solely by qualitative distinctions between

\

categorles whereas categorles in many other maps of similar appearance (sugh as
pedologic, climatic; or geoiogic maps) may be based in part upon quantitative ditter-
ences between categories. In most respects, however, land use/land cover maps can

be regarded as lypical members of the zlass often referred 10 as mosaic maps, patch

maps or “chorochromatic” ‘maps (Monkhouse and Wilkinson 1971). _
As members of this cartographic family, land use/land cover maps use conven-
ions of logic, symbollzatlon and organization common to maps of the class. They are,

of course; subject 1o the sarne errors and limitations. To effectively make and use these
maps it is important to understand common conventions and their limitations.
A literal interpretation of the cartographic model just described would trans'ate

each p parcel on the map to single correspondlng discrete and'hogwogeneous parcel on
the ground. Seldom is this ideal encountered in praclice. Actual boundaries between
parcels may not correspond to the abrupt lines used to symbolize edges of parcels.

Boundarizs may sometimes be diffuse transition zones of considerable width.
Homogeneous parcels visible on the map may actually encompass inclusions of
foreign (not symbolized) ca‘egories foo smallto depict at the scale cf the map. Seldom

can the image interpreter completdly avoid er-ors in the identification of categories or ~

placement of boundaries.
) Some of these errors can be av01ded m|n|m|zed ore orrected by acceplance ¢ o’
htgh standards in the preparation and edmng of manuscnpt maps. Other errors are the

inevitable : artifacts of complexity of the. landscape and characteristics of the carto-
graphic modcls that\/ve,use -Espﬁlally bothersome are those errors caused by the
presence of several calegories lvrfthflnigaircﬁeﬁthhgirpgsﬁtibieiregresentedras a single

category, due to the inability of the cartographic model to portray all of the variability
present in the landscape Such errors are the unavmdable consequence of mappmg

readers mexper nnced in the use of maps: . .
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accurate descriptions of the actiial identities of categories (as distinguished from the

As a resuit, the image interpreter mist devote special attention to preparing

idealized nominal, identities): Thus; a category designated as agricultural land may .

include patches of forested land too small to delineate legibly at the scale of the map:
The category description must be written to inform the reader that significant impurities
are présent within parcels labeled as agricaltural land. Thus, itis possible to inform the
reader of presence of impurities within certain categories on the map by presenting a

writter: description of each category déscribing the existence, patterns; and charac-
teristics of inclusions. . .

. Several concepts implying quality should be defined explicitly. Accuracy refers to
correct assignment of parcels to categories. Urban land mapped as urban land is
~accurate”; urban land mapped as agricultural land is "inaccurate.” Note that accuracy

in itself is not always a satisfactory measure of the usefulness of a map for a specific
Water’ or 'land,” we can often

ful for practical purposes

purpose: For example; if we categorize land as either

attain very high accuracy, but ihe resilts may riot be ¢

" because the level of detall is S0 low. We prefer usually to have greater precision, which

can be defined as the measure of detail in a map or classification system. The
land/water separation therefore may permit attainment of a very high accuracy, butvery

iow precision. For Some purposes, low precision may be perfectly satisfactory for the
purpose at hand, altiough we asuatly desire at least some modest level of detailin land

use classification and mapping. To attain greater précision, more categories are added

1o the ciassification and finer Spatial detail is represented on the map. In many cases,; it

\@ppears that increasing the number of categories also increases the opportunity for
errors in boundary placement and parcel identification. Thus, there is a tradeoff be-
tween accuracy and precision. As we attempt to show finer detail, so 100 we tend to
make more érrors. - y ,

~ One of the most difficult practical problems in_preparing land cover maps from
remotely sensed data is seiection of appropriate levels of precision. As more categories
are added to the classification system in an effort.to improve precigjon; the numbers of
parcels répresented on the map becomes larger; and their sizes become smaller. The
increased detail in the classification system can be designated as 'taxonomic’ detail, or

taxonomic precision, while the detail in the map pattern (i.e:; the sizes of the parcels on
the map) can be referred to as "spatial’ detail; or spatia/ precision.
As both forms of precision increase, the visual and local comriexity of the map

increases; along with opportunities for errors. The correct balance between complexity

and precision must be defined by the image interpreter, who must consider the user’s

requiremeritts for detail in relation to the natural complexity of the-landscape,s rep-
y -

resented on the image.

,

~

Principles of Land Use Mapping
_ itis impossible; even if it were desirable. to speciy beforehand the exact charac-
teristics of every map, 50 each map maker must make innumerable decisions regarding

map form and content. We prefer generally that each map maker should not make
\hese decisions at random; or solely according fo his or her individual Idiocyncracies,
but rather by following conventions and principles accepted by the larger community of
map makers and map readers. For the most part, these principles and conventions

seem to be rather informal and implicitly rather than formally expressed.
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34 Principles and Conventions
- Althk - no_single map is likely to be perfect in all respects, there is merit in
proposmg an expliclt listing of desirable qualities for land cover maps, as they provide a

means of assessing the quainty of specific maps: Because so many of these principles
are implicitly rather than explicitly expressed in the work of experienced gsographers; it
seems useful to express formally some of these principles for the benéfit of students

who may be uninitiated in respect to standards for preparing maps and data:

<

Legibility

Each map should be clear and easily readable at publication scale. Symbols must
be concise and easily distinguished. The sizes of the smailest parcels must be selected

so that they are legible; and can be labeled with symbols: Often this requirement means
that very small or very narrow parcels must be omitted, or possibly exaggerated in
relative size, so that they will be legible.

Sizes_of parcels deplcted on the map are, of course; a function of the mosaic of
parcels on'the landscape as they interact with the detail of the classification system.
Therefore, each map must be designed with consideration of the interplay between
spatial and taxonomic detail. The manuscript map must be prepared with knowledge of

the fina! publication scale and the method of reproduction; so that the final map; as well
as the manuscript map. meets requxrements for legibility.

Accuracy

ime each parcel on the map

The reader of a map has no choice except to as

possesses its stated ldentlty unless otherwise informed. In areas of complex land use
patterns, completely accurate delineation of uniform parcels may be impractical. There-
fore, in such instances the reader must be informed of the presence of impurities withiri

nominally uniform categories by means of statements in the legend or in thesreport that
accompanles each map. Complex mapping units can be explicitly described as ‘transi-
tion zones,’ or ‘mosaics’ as outlined in Chapter 5, or by identification of such parcels at

more general levelsi in the classification (to avoid the errors that accompany specificity).

Explicit DéSCﬁbﬁbH

The reader of a map should be able to learn all relevant |nformat|on concernmgthe

meamng of the map and the method of. compllatlon from information presented on the
map itself, its legend, and the accompanying report. Source materials should be
specified explicitly; remotely sensed data or |magery should be specified by date, scale,
type, guality, and format. if several soarces of i lmagery have been used, each should be

described using a smali-scale coverage diagram (Figure 5) to represent comparative
coverages. Each category must be explicitly described in the report, including specific:
accounts of category definitions, enumeration of component features, and clear de- .

scriptions of the image appeatance of each category. Descriptions must explicitly
outlme the compos:tlon of mappmg umts characterlzed by mlxtures of several

43 :
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28 Mav 76 /
| B&W . : 7

2 ju;ll A:l ‘ i y

FIGURES  EXAMPLE OF A COVERAGE DIAGRAM. The

sketch map dndicates coverage of two-kinds of photography
within: the boundaries of the mapped. area. The coverage ,

diagram is; of course, not required if the entire map is rep-

resented on a single form of imagery. In this. example half of '

the mapped area was covered by color infrared photography

(CIR); the remainder is covered by black and white photog-

raphy (B&W) acquired on é'/different date:

Consistency and if?iforrﬁif;} N
 Eachmap riaker should aspirs to presenit uniform; censistent detail throughout the
map. Each parcel within a given category should represent (in the ideal) geographic

areas of uniform land use, or refatively.uniform mixtures of land uses, a5 described in
the legend and report. The reader should be able to examine a map and find that the

true identities of parcels (as.observad on the ground) consistently match the carto-

graphic representation, regardless of placement within the mapped region: Ideally,

accuracy should not vary from one portion of the map to ariother: Furthermole, mapping

detail must be consistent throughout the mapped region. The reader should be able to
examine a map with the understanding that variations in the sizes and the identities of

parcels represented on the map refiect genuine variations on the ground.

Accurate Planimetric Representation

~ Land cover/land use detail mustbe presented o the user on an accurate planimet-

fic base. Information derived directly from the image itself is not suitable for-accurate
measurement of areas and distances — operations basic to the use of any large scalg |

~ map —-due to_the inevitable presence of geometric &rrors in all forms of remotely

" sensed data. As a result, land cover information must be presented in correct planimet-

. -ticform:-as described later. This requirerient means that the interpretation of informa-

| ton o an image must proceed In two separate steps. First, information is interprated

directly from the image; usually on a transparent overtay that registers directly to the

image (the image overlay). Second, information from the completed image overiay is

344
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plotted (with appropriate changes in scale and gecmetry) on an overlay that registersto
an accurate map (the map overlay). The map overlay forms the basis fgr the final map

that s presented to the user, and is the basis for all areal measurements required for the

study. Usually the image overlay is of significance only to the interpreter, who retains it
"as a working document in the event it is necessary to check or revise the original
interpretation.

Compatibility with Other Data

Land cover/land use information has its greatest usefuliess when it is compatiblar
with other information in respect to time of collection, level of spatial detail, Uriits of
Collection, and taxonomic detail. Although it is unlikely that a map maker couid expect to
control all of these aspects of his project, it may be possible to choose between (for
example) imagery acquired at several dates, or to aggregate data by political units
within the Study area. o _ '

The concept of compatibility applies in several respects. It might be desirable; for

example, to prepare land ise'data in a manner that promotes compatibillty with census
data in respect to detait and timing. A survey designed to monitor land cover changes
should consider the dates and scales of previous surveys, as well as the structare and

detail of the earlier classification. -

Appropriate Taxonomic and Spatial Detaii

Implicit throtighiout this discussion is i conicept that the maps are ot prepared in

isolation from a knowledge of their ultimate uses. Those who prepare the maps and

data must be informed of the requirements of the individuals and organizations who will
use the information. In Specific, the detail and the organization of.the ciassification: as
well as tHe spatial detail of the final map, are usually the key characteristics that
determine usefulness for specific purposes. (Other items of significance may include

the date of the information, compatibility with other data; and the choice of map base:)

Usually those compiling the data should first coordinate their efforts with those who wil.
use the data before the survey is initiated; again as the image overlay is completed,

theri orice more just before final versions of the maps and reports are prepared:
Form and Symbolization on Land Use Maps

Apparently, the overall férm of land cover/land use maps and the symbolization

used have changed little since their development in the 1930s. Altholigh exact methods

and procedures of compilation have varied considerably; current maps are visually and '
logically very similar to those prodiiced (for example) by Stamp’s survey during the
*1930s: Some of the key characteristics of current land iise Maps can be enumerated:
(1) Use of a planimetrically accurate base permits preservation of
correct gsographic position and the measurement of _correct
areas and distances. Stamp's survey used 4 large scale topo-

graphic map series as a base; a practice tgat has been followed -
in later projects, including the USGS program. Often the land use
symbols can be superimposed over selected hydrographic, polit-
ical, or topographic data to provide a convenient locational refer-
ence for the reader.

’ Y 4
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Categories afé idanitified on the map by symbols (asually letters

or numerals) keyed to categories in a classification system (Fig-
ure 4). Typically maps are prepared using solid lines to separate
parcels of separate categories; the reader must interpret each

parcelon the map as a uniform region of land use: For small scale

(3)

4)

—

(5

(6)

maps, especially, this interpretation may seldom be justified, so
the reader should be informed of the existence and character of
inclusions within mapping units. :
Fof many pufposes, black and white maps are the most practical

form for cartographic representation of land use data. Manuscript
_and printed maps can both be prepared quickly and inexpen-
sively without the problems encountered in color reproduction.

Such a map consists primarily of the outlines of land cover

parcels; with symbols placéd inside each parcel. Symbols con-

sist of one to three digit numerals corresponding to the
categories in the Anderson system or its equivalent. Many otha#

classification and symbolization strategies are possible, but it

seems sensible-to accept the Anderson system as a concise,
efficient standard in the absence of reasons to adopt another
system.

Often the land Use/iand cover map is prepared as an overlay to d

general purpose map of the region of interest. Because the
ovérlay is prepared on a transparent base to permitthe land use
distribation to be viewed in relation to cultural and topograpnic
features; the use of colored patterns is inappropriate. They
obscure detail on the base map: In other situations colored
symbols may be appropriate; especially if the map is to be used
before large groups at meetings who may not be able to examine

the map in detail. Several systems for color symbolization have

been proposed (Table 8).

Cassifications differ greatly in definitions of categories, numbers
of categories; and logical structure. The use of a hierarchical
classification is especially important for applications to land
cover mapping because imagery atvaried scales and resolutions

may be used: hierarchy also permits generalization of the data at
different levels of detail. '

Details of marginal information on maps has varied. Usually the
title should identify the geographic location, the nature of the

informational content, and the date of the information. (For
gxample: "Land Use and tand Cover of the Roanoke, VA Ared,

May 1979.") A bar scale is preferable to a word statement of

scale of a representative fraction; it may later be necessary to
change map scale photographically. Each map should, if appro-

priate; include a coverage diagram as a key to the varied imagery

. used to compile a specific map (Figure 5). Usually it is appro-

priate fo_iniclude information that permits the reader to establish

Igcation within a geographic reference system, such as latitude

and longitude; or the UTM grid. A simple locational diagram
{Figure t' = similary useful.
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panying report that describes the map and its preparation. Such

‘a report should provide four functions: (a) explanation of how the

map was prepared; including identification of the source mate-
rials, (b) regional description of the area represented on the map,
at least in rather broad terms, so the reader has a basis for

relating land use patterns to the physical, coitaral, and economic

setting of the region; {c} a summary of the essential features of . "
the observed land use pattern, including tabulation of the argas’

occupied by each catf§ory; and (d) clear; precise descnptio;as of
categories used on the map. Preparation- of thrs report is de-
scribed in the next chapter. .

47 _ /

TABLE 8 CATEGORIES AND SYMBOLS IN THREE LAND. USE SURVEYS
Category, . . Symbol Color
Lanc " ration Survey of Britaln (1831-1938)
Forest and Woodland F Dark Green
Meadowland o M Light Green
Arable Land . A " Brown .
{eathland - H Yellow
E§M6h§ S G Purple
‘Agricuiturally Nonproductive w . Red-
Porids o P Blue
World Land Use Survey (1952)
Settlements and Assocnated Non Agncultural Lands 1 . Red
Horticultrg 2 Deep Purple
Tree and Other Perennial Crops 3 Light Purple
Cropland -4 Brown
Continual and rotanon cropplng 4a Dark Brown
.Land rotation 4b Light Brown -
] Improved Permanent Pasture 5 Light Green
Unimproved Grazing Land .6 Orange; Yellow’
Woodiands _ __ 7 ' Green
Swamps and Marshes (nonforested) 8 Blue
Unproductive Land 9 Gray
Anderson/USGS Level | Categories (1976)
Urban or Biilt- Up Land 1 *.. _ Red
Agricultural ‘tand 2 Light Brown
Rarigeland 3 Light Orange
Forest Land 4 Graen
Water 5 Dark Blue
Wetland 6 Light Blue
Barren Land 7 Gray
Tundra 8 Green- -Gray
Perenmal Snow or Ice - g -~ -White
A N\
¥
{7)- Seidom can a map stand by itself without some form of accom-
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FIGURE 6 EXAMPLE OF A LOCATIONAL DIAGRAM.
This sketchmap shows the location of the mapped area (the

shaded pattern) in relation to distinctive drainage, transporta-
tion, and settiement features:
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“to be recognized by.4

5.4

for Land Use Mapping

!

Image |nterpretat|on has been defined as “. .. the actof examining images for the

purpose_of identifying objects and judging their signiflcance Interpreters study re-

motely sensed. data and atternpt thr0ugh logtcal processes to detect |dent|fy. measure

‘spatral relationships” (Estes and Simonett 1975:869): ‘Interpreters use eiements of
image interpretation to detect, racognize, and identity objects and patterns. These
elements traditionally include size, shape, tone, texture, pattern, and association —

‘that is; those qualities that permit us to recognize features we see on aerlal lmagss
AlthOugh we routinely use these.characteristics in everyday life to recognize objects;
we must:formalize the interpretation process to apply it in the more abstract and

unfarsiliar context of remote sensing.
Use. of aerial |magery for mapping land cover calls for application of skills not

normally required in the simple, intuitive examination of images for recognition of
individual objects. Indiyidual land cover categories dre formed fromi collections of

diverse objects; featares; and structares that are often not individually resolved on'the
image; the interpreter’s task is not so much one of identifying separate.objects as it is
the accurate delineation of regions of relatively uniform composition and appearance.

The interpreter of land use |nfcrmat|0n must, then; generalize to define the areal units
that compose ‘the. subject of the interpretation. The goal should be to perform this
mental generalization in a consistent, logical manner and to describe the procedures
accurately in a written account of the process of manual interpretation of lmages and
*their appllcatron to land use mapping.

iriiééé and iritériirététi&i

AII remotely sensed data can be represented either inpictorial form orin numer/cal
torm In black and white i image format, data appbar ds tones of black, gray, and white. At

afine level of detail, an image can be resolved into individual elements; often too small

naked eye. In many images; these individual elements form
uniform-subdivisions §imjlar to cells in a uniform grid, referred to as picture elements, or

pnreis that represent the brightnesses of very small portiorts of the scene. By examin-

ing an image at a level of detarl fine enough to separate these |nd|vrdual elements; we

~ 49
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can represent an image as an array of values, with each value corresponding to the

brightniess of a single pixel. (Each pixel in tarn represents the reflectance of a specific
area on the earth's surtace:) Depending upon the characteristics of specific sensors,

images may take their original form as black and white images, of as arrays of

numérical values. Equipment is available to change images to arrays of values (optical

digitizer) and arrays of values to images (video display). The most desirable format
depends upon the purposn of the investigation, the remote sensing system to be'used,
and the resources available to the,image analyst. :
. ‘ \\
Nomeri~al Interpretation \ :

'An examination of 4 numerical representation of a sceng_entails statistical and

mathematical manipulation and analysis of the values that represent reflectances. The

numerical approach to remote sensing can be déscribed as guantitative, abstract, and -

dependent upon automated or_semi-automated technigues. Onte equipment and
Software are on hand, itmay be cheaper and faster; for large amounts of data, touse the

numerical approach than to perform the same interpretation manually\The humerical
approach often has advantages for operations that must be repeated with ¢ yisistency;

and forinterpretations that must simaltaneously examine data in several partionsof the
spectrum. S , pt\ﬁ '

Numerical interpretations usually rely extensively upon Spectral information
{brightness measured in several portions of the spectrum). In the ideal, featurgs on the
earth's sufface may be said to display distinctive patterns-of spectral Teflectance |

(sometimes referred to as “'spectral signatures”) that permit specific crops, soils, 0fp

land cover categories to be recognized. The digital format is especially powerful in this
context because it permits a simuitaneous examination of several spectral channels,
the use of statistical concepts in forming decision rules, and the application of other

strategies not practical in manual interpretations. Most algorithms for numerical in-
terpretation, however, are not yet able to roatinely exploit the spatial, or textural,

informiation contained in the'relationships between brightnesses of neighboring pixels.

Becacse image texture is the source ef much of the ability of human interpreters to
accurately interpret complex scenes, the inability of numerical procedures to com-

pletely duplicate human capabilities is an important fimitation in the application of the

numerical approach in the classification of 1and cover and land use.

Manual Interpretation

~ The examination of an image as a print or transparency using the elements of
image interpretation is referred to as ‘manual interpretation.’ This. procedure can be

characterized as traditional, concrete, and qualitative in nature. An interpreter Uses .

)

brightness information (tone); as does the quantitative approach, but also makes
extansive use of spatial information in the image: The interpreter does not; of course,
examine an image pixe! by pixel; to evaluate each pixel in isolation, butinstead looks at
the brightness of each pixel in relation to its neighbors. It is the use of this spatial
information that permits human interpreters to make the complex identifications and
analyses that are possible i remote sensing. Although automated interpretations
make some use of spatial information; itis usually at a very primitive level. On the other
hand. most human interpreters can make only limited ise of the spectral information so

effectively used in automated interpretation. For manual interpretation; .the focus is

.oy ‘



42 Manual Inte'r'p'rhtatmn ) \

upon delineation of areas of relative uniformity at the working scale @d..r spfilition. The
identification of objects, although of obvious srgnltlcance is of somew%{(Sser impor-
tance. "

Quality of Manual Interpretation . -
.

Image rnterpretatxon seems to be a skill that is in part a natural aptitude; and in part
an acquired skill that can be enhanced by experience, study, and training. A profigient
irﬁagé i'n'tér'p'i'étei' pbééééééé a good baCRgrdund in thé épébific fiéld of Rh"oWlé'd'g’é at

geogaphrc region under examination.
The beginning student of image interpretation must make several adjustments to
everyday experience, and develop new forms of intuition and experience. First is a

difference in perspective. We are accustomed to examination of objects from a
perspective near ground level. On aerial imagery we see the same features from above;
and must adjust to new refationships between illumination and shadow, and seé

portions of objects not often visible in our normal gxperience: In everyday expenence a.
meadow may appear as a lush; green area because at ground level we see maxnly the

sides of plants. From the overhead perspective of aerial imagery, we may find that the
same field appears as sparsely vegetated because we see.d greater proportion of bare

soil between the individual plants: :
~ Second, remotely sensed imagery often uses energy outside the visible portion of
the spéctrurmi. Many of the implicit files of visual recognition derived from everyday

experience no longer apply in other portions 6f the spectrum: Evergreen forest fre-
quently appears tc be dark in the visible spectrum; but is yery bright in the near infrared.
A gravel road reflects as a rough surface.in the visible spectrum, but may appear as a

smooth surface to microwave radiation: ) :

. Anothegdifference in the representations of features on aerial imagery is due.to
unfamiliar lev@®s of spatial and radiometric resolution. Spatial resolution refers to the
ability.of the image to legibly record small objects. Remotely Senrsed images, by

necessity; represent landscapes at coarser resolutions than we are accustomed to-in
everyday experience. Frequently at coarse spatial resolutions familiar objects may be
unrecognizable unless the interpreter is mentalliy”priepared for the differences.
Radiometric resoiutionrefers to the ability of a sensor to separate varied degrees of.
brightness. If ralm.ometnc,resqlut[on is low, a scene may be represented mainly in
whites and blacks rather than in the range of grays that may permit the interpreter to
" distinguish greater détail.

~ Image scale is a characteristic quite separate from spatial resolution; scale can be
changed independently of resolution. We can adijist to simple changes in image scale
easrly if other gualities have been held constant. More difficult for the beginning
interpreter are changes in geometry; the positional relationships between features on

the |mage Each form of remote sehsrng lmagery represehts posrtlons offeatures on the

'"fjh srde-look ng alrborne radar |magery |n amanner that |ncludes systematlc pos onal
errors. Relief displacement is @ major source of positional error in aerial photographs

that catses misrepresentation of the locaiions of elevated fextures in regions of uneven
topography Datafrom the Landsat multls pectral scanner includes a variety of systema—

A

ERIC

Aruitoxt provided by Eic:



Q

ERIC

Aruitoxt provided by Eic:

Elements of Interpretation 43

tic positional errors. Every image interpreter ‘rfiust ackriowledge the existence of

_geometric errors and assure that final interpretations are presented in a planimetrically
correct format. I e M

 The degree to which specific objects or boundaries are visible on an image is a
fanction of the spectral; spatial, and radiometric résolutions of the sensor system, the

atmospheric conditions at the timie of image acquisition, and thecharacter of the
landscape imaged. Landscape vdriables inc'ude the sizes and shapes of land cover
parcels, which obvioasly infiuence the recognizability of specilic categories. Also
important is the contrast in brightness between adjacent parcels: The internal uniform- .
ity and.ihe sharpness of boundaries are also fikely to be important. In general, one
Wwoluld expect large; uniform parcels with distinct edges, regular shapes, and high
contrast in brightness with neighboring parcels to be easiest to delineate. The fact that
parcels of a given category possess these qualities to varying degreesgven gn a single
image may explain why accaracy of delineation can vary even for a single category-

-

Elements of image Interpretation

_Altholgh image interpretation is an extremely complex process that we dg riot
really understand in detail; it is possible to identity some of the Kkey attributes of image

representation that enable us to recognize and ideritify featares depicted on images:
size, shape, tone. texture, shadow, pattern, and association (Avery 1977; Colwell
1960). In image interpretation, we must make a disciplined effort to use these samg

slements to analyze image représentations of objects and areas. Knowledge of the

eiements of image interpretation serves two purposes: First, conscious application of
these elements may permit identifications that would not otherwise be obvious. Sec-

concise-description of the image appearance of specific features. -
These elements are applicable equally well to imagery coliected by all remote
serising systems (tillesand and Kiefer 1979; Bryan 1982), although in each Instance

onid. these elements provide a vocabulary common to:{'rhaggirhitgrpreteﬁ,m%t permits

.\;gﬁe interpreter must acquire, then ébply-,@'o”r'o'ugh kniowledge of the specific sensor

and its imagery. STy o - o
Size. The sizes of objects are among the most useful clues to their identifica-

tion: For land cover mapping interpretations, it is seldom necessary to make-d tailed
measurements of size for the purpose of identification; but it is clear that the sizes of
land cover parcels are oftén among their most distinctive characteristics. ________

Shape.  The shape of the outiing of a land cover parcel can also be a distinctive
characteristic, For example, cropped agricuitural land frequently appears in regularly

shaped parcels. Whereds pasture may tendto occur in parcels of irregular pr indistinct
shape. , . . - - L
Shadow.  Shadows are traditionally one of the most important facters in the

identification of objects on aetial photographs because they can reveal the silhouettes
of objects otherwise visible only from above. For interpretation of land cover, shadows

assume a somewhat different, but equally important, role. We usually are not interested
in the identification of spacific objects, but rather in the identification of areas. Shadows

contributing to textural differences. For example, the contact between an open fieldand ..

_ can be important in this context by ensanging boundaries between categories, dand in

an area of mature forest, if iluminated from the forest side, will be marked by the
shadows of the forest canopy as it falls on the field (Figure 7). As viewed{rom above, the

shadow forms a dark line at the edge of the field that gnhances the boundary between

J<
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TNFIGURE 7 THE SIGNIFICANCE OF SHADOW [N LAND USE!
INTERPRETATION (1). The sharp contact of foresyand pasture permits the
shadows to fall on the open land {left hand diagram). A's viewed from above

‘{right hand diagram); the shadow forms a dark strip that parallels the
boundary between the two parcels: The inset represent. a small scale view
illustrating how the shadow is visible as a dark ribbon that enhances this
segment of the boundary. v

-

'the two categories. A second example (Figure 8) illustrates the contribution of shadow _
to the textural differences between categories. An open field partially vegetated by
widely spaced saplings will display a distinctive image appearance. As seen from

above, the crowns of the saplings form isolated; round, dark spots; the shadows of the
saplings fall on the grassed areas. The interpreter sees this pattern on.the image as a
speckled region, that, once recognized, forms a distinctive signature for finding similar

TERPRETATION. (I): The left hand diagram represents small trees and
shrubs positioned in an open pasture. Their spacing is wide enough to :
- permit their shadows to.fall on the open grassland between trees. When
——sulf.areas.areviewed from. above (right),-theinterpreter_sees.only_the. . e
crowns of the trees, and their shadows. The inset shows an overhead view .
at small scale; the parallel streaks of the shadows ctreate a smeared
appearance that forms a distinctive signature for this kind of land cover.
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areas elsewhere on the lmage Once the interpreter exphcmy recognlzes the c0ntnbu-

tion of shadowmg to the appearances of land cover categorles it becomes one of the
oSt iMmporarnt clues 1o mapping land cover. v

Texture: Texture is the distinctive vnsual impression of roughness or smooth-
ness, caused by variability or uniformity of image tone, characteristic of certain features

and areas ag represerited on aerial images (Figure 9): By definition; texture must apply

to areas of land (rdther than to individual objects); so it forms another useful property for

identification of land cover. The character of forested areas can, for example, often be

related to Image texture. Smooth textures are commonly associated with young stands

of trees rougher textures usually indicate more mature trees with fully developed

crowns:
Image texture seems ultimately to be related to yarlatlons in the helghts of Surfaces

and abjécts within ihe ared of interest. Thus, areas characterized by complex as-

semblages of objects and strm:tures usually havé rather rougl‘ uneven textures

by groupings ¢ of detached dwelhngs Iarge trees grassed areas, and pavements oﬂen

appear as rather rough textares: Large cropped areas; with plants ail at the same
height; typically appear as smooth textures. ’
Tone. Image tone can be defined as a dlstmgwshable shade ofgrayfrom white

to t black. Torne probably provides more information than any other single element 6t

. image mterpretatlon Contrast in tone is of course what permits the representation of

features on the image. Typically land cover parcels are delineated by outlining areas

that have more or less uniform image tone (although often image texture may- assurhe'

great significance in delineating land cover parcels). ) Y

FIGURES CONTRASTING TEXTURES: This Virginid scene is

composed of open water, forest; highways; and grassland, all identi-
fiable primarily by differences in tone and textare. Note the role of

shadow in determining texture.

.94
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FIGURE 10. _PATTERN. An arréhéé&ﬁéhi of parcels in a pattern
characteristic of cropped agricultural land in Arizona (X-band radar
image courtesy of Goodyear Aerospace Corporatlon and the U.S.
Air Force). : .

Pattern.  Pattern refers to the overall form of an array; or series, of related
objects. A classic example is the appearance of an orchard on aerial imagery; the

regular spacing and placement of trees forms the distinctive image pattern easnly

recognized by all interpreta:s. The orchard forms an example of pattern within a land

cover parcel. Of wider spgnmcance is patterns of occurrence between land cover
parcels {Figure 10). For example, in some ‘areasgwe find that specific land cover

categories occur consistently as neighbors: Often pastures and cropped land are found

as neighbors: We do not expect to find cropped land within a densely urbanized area.

These kinds of spatial patterns are important because they may permit the interpreter to

overriile other visual clifes in the identification of a parcel: The existence of patterns of

oceurrence between different categories can be exploited in the design of the classifica-
tion sy';tem by tailoring category definitions to match their occurrence on the land-

scap., f cropland and pasture oceur in individual parcels too $mall to be mapped; yet
are a

r nt to one another, the category ‘cropland and pasture’ permits mapping of
these areas. If they do not occur as neighbors, however, the combined category may be
of littte use. - -

Site. Ob]ects or featares that occur in characteristic geographic or topographic

positions can frequently be identified by a knowledge of the significance of site as an
element of image intepretation. For example, sewage treatment plants occapy low

topog'aphnc positions, usually adjacent to water bodies: This kind of knowledge permits

the interpreter to eliminate; or to confirm, tentative identifications based upon other

evidence.
Assaciation. Some objects are so con5|stently associated with related objec

that thes identification of one indicates the presence of the other. A classic example :rom
military photo interpretation is_the confirmation in 1962 ¢! the .presence of Soviet

missiles in Cuba {Goddard 1969). Initial |nterprgtations did not identify the missiles

themselves, but rather the construction patterns and support equipment that were

known from prior experience to be associated with missile support units {Abel 1966;
Hilsman 1967). This inference motivatéd the acquisition of photography that provided
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clearrrewdence of the missites themselves. Babmgton Smith (1874) described similar
examples from World War il. ncluding an account of the photo- mterpretatlon search for
German Vergeltung weapon sites in westerr Europe.

Ih dn environmental sciences context; the principle of association is illustrated by -

the recognition of silty deposits at the mouth of a stream, which might lead an interpreter

to search the drainage basin for the disturbed or eroded area that provides sediment for
later deposition downstream.

_For the interpretation of land covar; the use of association does not usually focus
as‘much upon identification of parcels as it does upon the design of effective classifica-

tion systems. When individual parcels are too small to be represented atthe scale of the

survey, and must be mapped within another category; it is sensible to design the

classification so these small parcels are consistently grouped with the same category.
This permits the map user to be able to predict the occurrence of imparities wit"i-

map categories- To be able to apply this strategy, the interpreter must be able to app!y a

knowledge of the association of separate categories within the mapped region.

Methods of Image Imerpretanon
An image interpretation method can be defined as a disciptined pioceduire that
enables the interpreter to relate geographic patterns on thie ground to their appear-

ances on the image. Irnage interpretation methods can be divided into five categories

{Campbell 1978).
Field observations, a5 an approach to image mterpretanon are requned when the

image and its relationship to ground condit'ons are so lmperfectly understood that the

interpreter is forced to go to the field to make an identification. In effect, the analyst is

gnable to interpret the image from knowledge and experience al Hand, and must go to

the fieid to ascertain the relationship between the landscape and its appearance on the

image. Field observations are, of course, arcutine dimension to any interpretation as a

check on accuracy. or a means of familiarization with a specitic region. Here, their use

as amethod of interpretation emphasizes that when thiey are required for interpretation;

field observations reflect a rather primitive understanding of the application of the

remote sensing system for a specific subject. -
Direct recognition is the application of an |n\erprete(s experience, skill; and

judgment to associate the image patterns with informational classes. The process is

essentially a qualitative, subjective analysis of the image using the elements of image

interpretation as visual and logical ciues. In everyday experience direct recognition is

applied in an intuitive manner. for image analysis. it miist be a dlSClpllned process; with

very careful systematic examlnanon of the image:

Interpretation by inference 's the use of a visible. dlstrlbutlon to map one. that is not
itself visibie on the image. The visible distribution acts as a surrogate, or proxy (ie.;a

substjtute) for the mapped distribution. For example; soils are typically defined by

verticle profiles trat cannot be directly observed on remotely sensed imagery. But soil
distributions are sometimes very closely rélated to patterns of landforms and vegetation

that are recorded oni the image. Thus, landforms and vegetation can form surrogates for

thie soil pattern; the interpreter infers the invisible soil distribution from those that are

visible: Apphcétnon of this strategy requires a completé krnowledge of the link between

the proxy and.the mapped distribution. Attempts to apply imperfectly defined proxies

prodice inaccurate interpretations:

30
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tions by formally mtogratmg non- |mage information into the classification process; often
by means of quantitative classification algorithms. For example, knowledege of the
crop calendar can restrict the likely choices for identifying crops of a specific region. If it

1s knowri that winter wheat is harvested in dune; the choice of crops in interpretation of
an August image can be restricted to eliminate wheat as a likely choice, and thereby
avoid-a potential classification error. Often such Knowledge can be expressed as @

statement of probability: Possibly certain classes might favor specmc topographic sites;
but occur over a range of sites; so a decision rule might express this knowledge as a .95
probab|l|ty of fmdlng the class on a weII dramed 5|te but only a 05 probabmty of fmdmg

decision- makung process can improve classmcanon accuracy.
The final method of image intepretation is deterministic interpretation, the most
rigorous and precise approach toimage interpretation. Deterministic interpretations are

based upon quantitatively expressed relationships that tie image characteristics to
knowledgeofground condmons In contrast W|th the other methods mostmformatlonls

informationis a gbod example A scene is |maged from two separate posttlons along a

lltght path and the photogrammetrist measures Re apparant displacement. Based
upon his knowledge of the geometry of the photographic system, a topographic model
of the landscéape can be reconstructed. The resilt is therefore the derivation of precise

information aboat the Iandscape using only the image itself and a knowledge of its
geometnc relationship with the landscape. Reilative tc the other methods, very little
non-image information is required.
Interpretations of land use and land cover can; and have; used a variety of image
iﬁterbrétanon methods: including field observations, direct recognition, interpretation
by infgrence, and probabilistic interpretation, dependitig upon the character of the study

and the resources available. As a generalization, thoagh; it most be recognized that a

S|gn|f|cant characteristic of land use/land cover interpretations is that land cover forms a
proxy for the ultimate subject of the interpretation, land use. The interpreter can only
map those features that are visible on the image, and must apply inference tc portray

the pattern of land dse that lies behind the visible landscape. Dependence upon
inference 1s widely used, and is accepted by those who make and those who use the
resuiting maps. Both users and interpreters must recognize the opportunities that exist
for error and misunderstanding:

Interpretation Tasks

An interpretation may include a variety of tasks requiring examination of animage.

The most basic tasks are enumeration (the listing and counting of discrete objects

visiblé on an irmage) and delineation [(outlining of boundaries between distinctive

dareas). lnterpretatlens sometimes also reqcure mensuration; the measurement of
lengthk, areas. or volumes from the image representation of an object or feature.
In the |nterpretat|on of mdwtdualrobjects lt is convenient to d|st|nqu|sh between

ence or absence of an object or feature {"'there is an object in the field"). Recognition

represents a higher level of knowletige about the object (the object is determinedtobea

motor vehicle). And /dent/ﬂcatlon represents a level of knowledge detailed enough to

A —
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assign the object to a specific class (the object is.identified as a Ford pick-up truck). In
an interprétation tocused soley upon identification of objects, the interpreter can ex-
press his or her confidence in the identification by qualifying the results as ‘possible,’ or
‘probable.” For interpretations of land:use and land cover the focus is, of course, upon
areal features. not objects, and the efmphasis is usually not upon the identification; but
ipon the quality of the delineation: As a result, it is more difficult for the interpreter to

convey his or her confidence in the results. Although there are few precedents for such
a practice; it is conceivable that an interpreter could signify the presence of a particu-
iarly diffuse or indistinct boundary by a dashed or dotted line as a boundary symbol. The
written report should; of course; explain the use of any symbols, especially those not

commonly applied.

Collateral Information

~ Collateral; or anciliary, information refers to non-image information used to assist
in the interpretation of an image. Actually, all image: interpretation uses collateral
information in the form of the implicit; often intuitive, knowledge, as well as formal.-

wraining: In the more usual, narrower, meaning of the phrase, callateral information

refers instead fo the explicit, conscious effort to employ mapsszbooks, statistics, and
similar material to aid in the analysis of an image: Use of collateral information is

permissable, and certainly cesirable, provided two conditions are satisfied. First, the
use of such information should be explicitly ackrioWledged in the written report; and,
second. the information must not be focused upon a single portion of the image or map
o the extent that it results in uneven detail or accuracy in the final map. For example, it
would be inappropriate for an interpréter to focus Uipon acquiring detailed knowledge of
tobacco farming in an area of mixed agriculture if he or she then produced highly

detailed, accurate delineations of tobacco fields; but mapped other fields with lesser
detail or accuracy: e
Collateral information can consist of information from books, maps, statistical

iables, field observations, or other sources: Written material may pertain to the specific
geographic area under examinatidn; or, if such material is unavailable, it may be
appropriate to search for information pertaining to @nalogous areas — similar geo-
graphic regions (possibly quite distant from the area of interest) characterized by
_comparable ecology, soils, landforms, climate; or vegetation.

Image Interpretation Keys'

Image interpretation keys are valuable aids for summarizing complex information
recorded on film images: They are widely used in some aspests of anual image
interpretation and remote sensing (Landis 1955; Heath 1956; Cainer arg Morain 1971).
Such keys sérve either or both of two purposes: as a means of training inexperienced
personnel in the interpretation of complex or unfamiliar topics, and as areference aid for

experienced interpreters to organize inférmation and examples pertaining to specific
topics. ] D . B .
A image interpretation key is simply reference material designed to permit rapid

and accurate identification of objects or features represented on aerial images. A key
usuaily consists of two parts: (d) a collection of annotated or captioned images or

stereograms, and (b) a graphic or word description; possibly including sketches or
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diagrams. These materials are organized in a systematuc manner that permits retrieval
-,of desired images by {tor e ate, seas

sample) date, season, region, or subject.
Keys of vdrious forms havg. been used for many years in the blqlogncal sciences,

especially botany and zoology: disciplines rely upon complex taxonomic sys-
tems that are so extensive that even experts cannot master the entire body of knowl-

edge. The key therefore is a means of organizing tlie essential characteris - of a topic

in an orderly manner: It mast be noted that scientific keys of all forms requure a basic
familiarity with the subject matter. A key, then, is not a substitute for experience and
knowledge, but @ means of systematically ordering information so that an informed user
can learn quickly:

Keys were first applied to aerial images on a large scale during Worid War Il when it

was necessary to train large numbers of inexperienced photo-interpreters in thig iden-
tification of equipment of foreign manufacture and in the analysis of geographjic and

ecologic regions far removad from the interpreter’s experience. The interpretation k_y
then formed an effective way of organizing and presenting the expert knowledge of a
few individuals. After the end of the war, interpretation keys were applied to many other

subjects; including agricaltare; forestry; soils; and landforms: Their use has been

extended from aerial photography to other forms of remotely sensed imagery. Today
interpretation keys may be used for instruction and training, but they have somewhat
wider use as reference aids: Also; it is true that constraction of a key tends to sharpen
one'sinterpretation skills and encourages the interpreter to think more cleary about the

interpretation process.
Keys designed solely for use by experts are referred 1o gs technical keys Non-

technicai keys are those designed for use by those with a lower level of expertise. Often
it 1s more useful to classify keys by format and organization. Essay keys consist of
extensive written descriptions, usually with annotated images as illustrations. A file key

is essentially a personal image file with notes; its completeness reflects the interests
and knowledge of the compiler. Its content and organization; suit the needs of the
compiler, so it may not be organized in @ manner suitable for use by others.

-

Materials and Equipment
The fundamental process of |mage |nterpretat|on can be completed wnhout the

wbrk ata fairly large; well-lighted desk or - work tabie with convenient access to slectrical
power. Sometimes it is useful to be able to control lighting with blackout shades or
dimmer switches. Basic equipment and materials include a supply of translucent

drafting film, some form of magnification; stereoscopes; tube magnifiers with measur-
ing reticles, an engineer’s scale, together with protractors, triangles, dividers, and other
drafting equipment. A light table is important if transparericies dre used. If roll film js /

employed. the light table mast be equipped with adjastable brackets and an assortment
of emipty spooils for take-up reels. Maps; reference books and other supporting mate-
rial should be available as required. More exp,enswesnems, such as binocular micro-

scopes and binocalar ‘stereoscopes, are desirable but may not be essential:

If the interpretation is made from paper prints, special attention must be dev. .ed to
the prevention of folding, tearing, or rough use that will cause the prints to become
damaged. Usually it is best to mark an ovetlay registered to the print rather than the print
itself. Drafting tape must be selected specmcally for its weak adhesive quality which will




O

ERIC

Aruitoxt provided by Eic:

- The Image Overlay and Finai Map

The Image Overlay 51
not tear the emuision. The stronger adhesive used o many of the popular brands of
paper tapes will damage paper prifits.. _
If transparencies are used, special care must be given to handling and storage. The
surface of the transparency must be protected by a transparent plastic sleeve or

handled only with clean cotton gloves. Moisture and oils naturally present on unpro-
tected skin may damage the emulsion, and dust and dirt will scratch the surface.
Damage invisible to the naked eye maybe a major 'prgblém under magnification.

The interpretation process (Figure 11) begins with the assembling of imagery,
coliaterai information, equipment, and materials required to conduct the interpretation.
From a broader perspective, one could argue that the process actually begins earlier
with the selection of image date; format; scale; and so on, as these qualities will greatly

influence the character of the interprétation, even though the image interpreter may not

.

[Confer With Use]

s

T - Field
— 4 Reconnaissance

Preliminary |

Triverttory || A

7 .-ivq'uirg- anil
Inspect Imagery | >

Classification
Svstem _

iif(.l,';,r'(, 4— Field Observations
Category -
I)t-;('rii)liurié‘r5

Measure Areas

Assess Accuracy

I

|

Maps  Reports  Data

FIGU'RE 11 SEQUENCE FOR MANUAL INTERPRETATION. This
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manual interpretaton for land use mapping.
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always control these vanables tmagery should be inspected to note defec . gapsin

coverage, and argas obscured by clouds. If there is no index to the covdrage of

separate frames or images; the interpreter should prepare his own index to permrt
convenient identification of specific images covering a given area. if there are gaps in
the coverage. the interpreter should initiate the process of acquiring additional imagery
to provide the best possible information for voids in the primary coverage:

THé ihierbrétatién process cdnSiSté of tWo' reiated but distinct steps. Thé firSt

approaches to classification of land use can be apphe the systen‘ proposed by
Anderson and cot!eagues (1976} provides one of the best and most widely applicable
outIrnes for structurmq the classification. Their system (Table 7) provides the more
general categories, but the interpreter milist become involved in the selection of more

detailed categories at levels Il and lil: The definition and design of these detailed
categories must be accomplished in co-ordination with those who will ultimately use
final maps and data. If it is determined that the users require information or detail not
feasible with the use of aerial imagery, then the project must tdrn 1o other imagery, or to
collateral information; to supply the needed information. if coliateral information is used;
the interpreter should carefully investigate the alternatives to assure maximum accu-
racy and compatibilty with the aerial imagery.

When a tentative outline of the classification is available; the interpreter should
then carefully inspect the imagery to_compile a list of the categories present; estlmate
the sizes of parcels likely to result from the application of the classification; and,
general, anticipate problems in rdentlfylng or delineating categories: if several |nter-
preters will work on the same pro;ect all should participate in this process to assure
unrform|ty of perspectwe and garn the beneftt of rndependent contrlbutlons A rewsed

classification is accepted for the project:
_ Thesecond stepis the application of the classification to the imagery. Thrs consists
of the process of marking the boundaries betwéén categories as they occur on the

imagery, following consistent gundehnes Each separate parcel is oatlined, then iden-
tified with a symbol (usuaily one to three numerais) corresponding to taxa in the
classification system. Important general principles are the consistent use of a standard

minimum parcel size and the principles of consistency, clarity, and legibility. If several
interpreters work on separate portions of the same project; special attention must be
devoted to coordination of their efforts to assure uniform application of the guidelines.
Individual_interpreters share responsibility for co-ordination with those working on

adjacent areas to be sure that parcel boundaries and identities match at edges of

sheets. )
The resuits of the |nterpretatton are recorded ana translucent overlay that regrsters

to the image; this image overfay records the boundaries between parcels; and identify-

ing symbols {Figure 12). As the image overlay is prepared; the interpreter begins to
compile the class:flcgt/on table that forms a summary of category definitions and

ldent|fy|ng characteristics. When the image overlay is complete, it will be necessary to

generate a map overfay that portrays the land cover/land® use information on an

accurate planimetric base . )
An important principle, not lmmedlately obvrous in preparing Iand cover maps

from aerial imagery is that the map cannot stand by itself: A written report that
summarizes the interpretation process and presents a clear definition and description
of each mapping unit must accompany each map. Without the written report the

6 i o
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FIGURE 12 THE IMAGE OVERLAY. The overlay at the top is derived
trom the photograph shown below. The image overlay is a working docu-
ment of the photointerpreter used to récord parcel boundaries and iden-
tities. Symbols refer to Table 7. :

Y

reader has no means of understanding the classification system and how it has been

applied to the imagery. The interpreter should probably devote as much time to

recording and describing the map and its preparation s to preparing the map itself:
Preparation of the Image Overlay

The foliowing paragraphs olitline sofiie of the essential considerations in preparing

the image ovenay (Figure 12) and in recording information for the accompanying report.
Some of these guidelines foliow from an obvious interest in visual and logical dlarity;
others are simply conventions established by long application.of rather arbitrary deci-
sions. For the novice. it is probably best to follow the guidelines as outlined below; later,
4s additional experience is acquired; variations can be devised as required. But always

the guiding principles should be attainment of visual and togical clarity; and explicit
description of the interpretation process.

1. lIdentification of land cover parcels is based upon the elements of.image
interpretation as discussed previously. Sometimes interpretation may require identity
of specific objects or facilities, but usually the primary task is one of consistent delinea-

tion of uniform parcels that match the classification system. The greater the uniformity
of actual land use within areas represented on the map under @ single symbol, the
greater the usefulness of the midp to the user (Webster and Beckett 1968). As outlined

below (items 9 and 11), it is often necessary to violate this principle, especially at small

scales. ) 82
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2. The classification system must dovetail with categorles accepted as useful by

the map oser Mdp and mports thdt organrze information in a manner inappropriate for
users’ requirements are of httle: practrcal use: the image analyst has responsibility for
assuring that the final product is consistent with users’ needs or for advising the user

that the desired information cannot be rehably derived from aerial imagery.
Sometimes ciassifications are proposed that tailor categories in respect to ease of

recognition on specific forms of imégery. For the kinds of user-oriented maps discussed

here, such classification systems would not be suitable, because they organlze infor-

mational content of the map around the |mage rather than upon the users requ|re-

policy of a governing body. or by requirements for compatibility with data collected

prewously orbya nerghborrng jarisdiction: User specmcatrons are not easily redefined
to suit desires of the image interpreter.)
As aresult, the interpreter should not define categones soIerfrom appearance on

the imagery. For example; categories such as “saborban land” and “strip develop-

. ment" are probably poor categofies tor most land use maps because they are based
«. largely upon ease of recognition on the image, rather than correspondence with the

land use categories of interest to most planners Vand geographers Thus suburban

commercial land use categorles accepted in the users definitions. {Note that any
category, if properly defined ‘and tailored to users’ ‘needs, may have its merits; as arule,

however: it 1s best not to devise unconventional categones for the convenience of the
|nterpreter ) In brief, land use categpries used in makrng the map should have clear
meaning to those"who will use the map.

The USGS‘classlflcatroh system; (Anderson et al 1976) need not be perceived as
the uitimate classification .(for example, see Drake 1977), but for most purposes it
sééms1to form a@ good standard unless there is good.reason to use another system.
Nunnally and Wltmer (1970) have observed that one of the problems with land ose
classification prior to the proposal of the USGS system was the incompatibility of the
many systems then inuse. The USGS system seems to have taRen a blg step ln soIVIng

of detail:
3. Use of collateral mater|a| may be necessary if the interpreter is not |nt|mater

famrlrar with the region, or if unusual categories are encotintered. Non-image collateral-

- information mlght inclode topographic maps;, existing land cover maps (at scales or

dates differing from the one in preparatidn}. or tabulated economic statistics. Additional
imagery at large scale can be used to resolve uncertainties emerging from analysis of
§mall-scale, coarse resglution imagery: . : :

4, The image overlay records; in manuscript form; the boundaries be.-veen iand
‘cover parcais. Each parcel is completely encIosed by a boundary, and is.labé: =t} wuth a

symbol keyed to the category descriptions in the classification system. As -~ e-gral
rule; the image overlay shows only those features that occupy areas atthe € .:: f\f e
tinal map. Usually. point or linear features are not mapped. Thus, a highway - ..ty 7.1

normaIIy be shown unIess publication scale permits legible deInneatlon of both Hidg o

will be represented (if at aii) as Irnes at somewhat rarger scale the cloverlea. iy
changes are large enough.to be mapped-. Alarge scale land cover map miight be . wt’»—

.show the entire h|ghway as an areal featare: This same rule should be eppliedto oz
linear features, such as streams, railways, and power lines. Selecied point o; li, =

-
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features may. of cairse, be useful as landmarks or |ocational references on the map,
but-they are not classitivd ds areas. =

5. The principle of consistent composition in each calggory means that the map

user can be confident that the map presents a consistent representation of variation

present on the landscape. Each parcel will, by necessity, encompass areas o
cateqories other than that namedby the parcel label; these inclusions are permissible,
but must be clearly described in the category déscriptions, and must be consistent

throughout the map. The issue of consistericy is especially important when sevesal

interpreters work on the same project: Individual interpreters must coordinate their Work

detail is uniform throughout the mapped area. )

with those working on neighboring areas, and supervisors must 'c!i'e’c’k to be sure that

6. The ontire area devoted to a Specific use is delineated on the overlay. Thus,
the delineation of an airfield normally includes not only the funway, but dlsc the Hanger,

i-~ssenger terminals; parking areas, access roads, and all general featares inside the

limits of the perimeter fence (the outline of the parcel encompasses areas occupied by
all of these features not shown individually on the map). In a similar manner, the

delineation of an interstate highway includes not only the two paved roadways, but also

the median strip and the right of way.

7. The issue of multiple use is discussed in detail by Anderson and colleagues
(1976). In brief, the problem is caused by the practice of assigning parcels to single
categories even though we know that there may in fact be several uses. Aforested area

may simultaneously serve as a source of timber, and as a recreational area for hunters
and Hikers. in general the interpreter must make a décision, apply it consistently

throughout the image; and clearly document the procedure in the written report.
Numerous variations on this problem are en - >untered frequently. For example,
employee parking areas within a large industrial area could logically be classified either

as industrial land_(appiying the "entire area’ rule mentioned above) or as a transporta-

1iEn feature. The important considerations are usually that the decision fit user neéds

and be consisteritly applied and clearly documented.

8. The interpreter must select an appropriate minimum_size for the smailest:

parcels to be represented on the final map. The interpreter may be able to identify on the
image parcels much too small to be legibly represented. Therefore, it is necessary to
select a minimum size for the smallest parcels on the map. If severdl interpreters are

working on the same project, all must apply the same minimum parcel size to assure
that the variations in map detail reflect actual variations in parcel size on the ground._

Iri determining an appropriate minimum size for land cover parcels, itis important
{0 remember that it is the minimum parcel size or the final map overlay and the |
of the map (rather than the image overlay) that is,of interest to the user. Because the
map overlay may be presented at adifferent scale than the image overlay, the iriterpre-
ter must extrapolate.the minimum parcel size from the scale of the final map to the
werking scale of the image. Because it is difficult to perform this extrapolation mentally,
it is sometimes useful to prepare a rough template of the approximate correct size to aid

thie interpreter in maintaining the_carrect level of spatiz! detail on the image overlay:

Anderson and colleagues (1976) recommended that parcels on the final map be no

smaller than 0.1 in {2.54 mm) on a side (about 6.5 s mmm). Loelkes (1977:17-18)

presented values for minimum sizes of parcels to be répresented dri LiSGS land ase
maps. Parcels of urban land. water, and certain cther zoecified categeriss are to have
minimum sizes of & hectares(10 acres): At 1:100,000 c.:ci parcels wouiss occupy about
4 sq mm on the map; at 1:250,000 they wou . require Ab..ut 9.64 sq min. For all other

- .

.
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categorres the minimum srze should be 16 hectares (10 acres) At 1 100 DOO these
parcels occupy abowt 16 sq mm, or about 2:6 5g mm at 1:250, 000: These guidelines .
apply for rather compact parcels; Loelkes proposes additionai guidelines governing '
mmumum widins for long. narrow delineations. Although these sizes may be appro-
and cover riaps, they seem tco small for routine use by the

rs using equipment and procedures that may differ from those available for
USGS interpreters: This same topic hag_been discussed by pedologists in relation i
soil maps. Because the issue is essentially one of visual Ieglbrltty. the informatior a|

contentofthe m should not influence oor choice of minimum sizes of parcels and't
conclusions-of $oil surveyors may be of some interest. ) a2

Bouraine {1980) recommended that the smalles} parcels on @ pup[tsheQ§01j map
should occupy areas no smaller than 25 sq ‘mm it the parcel is squarg in shape, or
6:16 sq mm if circular. The smaliest map distance separating two parailei lines shouid
be at least. 2 mm. Theserguidelines are in approximate agreement with those of
'Fndland {1972), who specmed that the smallest delineations on published maps "ho"u’l'd
be no smaller than 20 sq mm., <1 he values that Keliogg and O-vedal (1969:125)rec
orhmended ds minimum srzes‘for parcels on published soil maps translate to a/map
area of about 40 sq mm. %

The minimum sizes suggested by soil surveyors for soil maps are Iarger than thos
suggested by Loelkés for USGS land use maps. Although most of the USGS maps ‘
have adequate legibility, many intetphalers may prefer to use minimum sizes larger

than those proposed by Loelkes: It should be obvious; however; that any single value
proposed as a minimum size for mapped parcels should be interpreied as appropriate
lor the occasional presence | of small parcels; if the interpreter encounters an exjzemely -

~ complex pattern of extremely small units, then an attempt to represent therh ali at the
sizes mentioned above would produce an illegible map. In such a situation, some fgrm
of generalization is clearly required to produce a visually and logically clear map
publicaticn scale. s
9. Usuallythe label of each category identifies thepredbmmantcatego “¥ preser

within each parcel. At small mapping scales, especially, there may be rnclusions of
other categories; the mapping effort should asp|re to define categories that include

relatively consistent mixtures; identities; and prohortlons of such inclusions; and to

,,,,, ..

describe accurately their presence within each category
10. Somelimes the identification uvi_ correct placement of boundarles canrbe a-

problem especially if the interpreter can discern a wide transition zone oetween‘
categories. Usually the interpreter can place the n?apped boundary at the center of the™
transition zone, then describe the situation in the/written report that accormpanies the
map. Sometimes wide transition zones occur confistently within the mapped area; if so;
;/t may be appropriate t(o define a separate category: 416 Transitional Zone Between
Evergreen and Deciduous Forest Land.” -
11. Mosaics of contrasting categories can present problems if the individual

parcels are too small to be represented Iegubly &t the scale of the final map. In these
situations; it maybe appropriate to create a category tailored to describing the situation:
215. Mosaic of Cropland and Pasture.” The written category description then specifies -

the sizes and shapes of the parcels; and presents an estimate of the percentages ofthe
areal extent of each member of the mosaic. ThHéSe camposite mapping units are tften a
necessary departure from the principle of uniform mapping unit composition outlined
dbove, but there is ample precedent for their use (Christian 1959; Robinove 1981)

Q
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Mapping Land Use Change

Land use palterns change over time in. response 1o ecoriotnic, social, aga en-

Vifdhrﬁékﬁ;forcés’. The practical significance of such changes is obvious. For planners
and admiMstrators they reveal areas that require the greatest attention if communities

are to develop in an harmonious and orderly manner. From a conceptudl pers

study of land use changes pérmits identification of long-term trend e and space;
and the formation of policy in anticipation of the prablems that accompany changes in
land use (Estes and Senger 1972: Anderson 1977 Estes et al. 1982).

A map can show only a singlé temporal image of the many that form the evolving
pattern of land use in a region. As a result, any land use map is inaccurate almost from

thie time it is prepared: Users who are familiar with the mapped region will accumulate
an informal knowledge of changes that have occurred after the ma: vas prepared —a
mental map of the changes. For systematic study of changes; however; itis necessary

to prepare maps that formally document changes in land use between two specific

dates. Aenial imagery provides the unique capability to recoristruct previous land use
patterns using archived images, even though no map was prepared atthe time. In sorne

instances, this capability acquires great significance, as, for example, in the use of
archival aerial photography to document land use changes at abandoned hazardous
waste sites (Schweitzer 1982). ,

In theory, preparation of change maps is very simple. However.-a number of
practical problems are encountered in practice. Preparation of a change map requires
comparison of two separate land use maps prepared from imagery acquired at two

d: ‘es. Areas which experience changes inland use are ncted (usually by superimposi-
tion of the two maps); then recorded on a third map. This third map shows only the
changes: which can then be tabulated by area and by category to reveal the extent and
location of land use changes. If imagery for several dates is available, a series_of
change maps can record the evolution of land use patterns over time and possibly

reveal long term paiterns of change, rates of Ghange in specific areas, and intermediate |
steps.in the development of land use patterns:

~ Altiiough this procedure is essentially straightforward, a number of practical prob- -
lems must be anticipated. First, the two map$ must share a common base before they
canbe registered to one another. Evenif both maps use @8 common base; the interpreter
must work carefully, as minor differences in placement of boundaries or different levels
of detail can create differences that are not evidence of land use change, but merely
artifacts of the interpretation process. For these re 5, it is important that the same

interpreters work an all phases of achange map. ¢ terpreters be supervised by.a
single individual with overail knowledge of the project. Preparation of change maps also

requires that both maps be prepared using a single classification System applied
consistently at a given leval of detail.

‘These considerations lead to the general observation that preparation of change

maps requires continuity in technique and in personnel, and close coordination of the

mapping process. Source maps must be compatible in respect to classification, spatial
detail, and map base. As a result, one should be skeptical of maps preparedby different
individuals or organizations used as the basis for maps of change.

The image interprater may find that preparation of & change map requires exami-
nation of iImagery at varying scales; resolutions, and qualities. Each interpreter must

assess the imagery in relation to map scale and classification detail to determine the
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level of detail most suitable for the change map. As a general guideline, it seems
sensible to recommend that all change maps.be prepared at 4 level of detail corsisterit

with that obtained from interpretation of the lowest-quality, coarsest-resolution imagery

that will be used in the project. Otherwise; the interpreter will be faced with the problem
of comparing two maps that differ greatly in detail and accuracy.

Field Observations

Even the most thou{ough accurate interpret attons ; require use of field observations

as confirmation of manuscrlpt maps; and as a means of resolving uncertainties in the
interpretation process ldeally, field observations should be acquired on at least three

occasjons during preparation of the land use map: (d) During preparation of the

dassification system, before the interpretation of imagery begins, as a means of

familiarizing interpreters with the region apd its major land uses; {b) as the image
overlay nears completion, to verify uncertain interpretations and ta.confirm consistency

of the interpretation; and (¢} when the preliminary draft of the map overlay is complete;

to detect and resolve any final problems before the final copy of the map is prepared.
These three excursions to the field sewe different purposes, so they may vary in
respect to duration, route, and intensity.

Although details of field excursions will depend greatly uponindividual preferences

and focal circumstances, the following observations seem generally appllcable
(1) Imagery should be taken to the field, together with manuscript

overlays and supporting notes and maps. Provision must be

made for annotating images (on overlays) or correcting manus-
cript overlays in the field. This ‘Usually means that maps and

overlays should be temporarlly clipped to a hardboard or
cardbeard surface small enough to carryin the field and to use in _
a vehiclg, but large enough to present a sizcable pomon of the
map for navigation and annotation:

(2) The routé should be planned carefully to select an efficient itiner-
ary that covers all essential areas. If timing is critical, it is impor-
tant to allow time for unexpected deiays:. It may be wise to assign

priorities to.specific areas; so that the most important areas can
be visited first. .+ -
(3) Notes, photographs, and sketches should be made in a systema-

tic. manner that _ensares theur usefulness Iater |n the Iab If

fore hand, they can be used as @ medrum for maklng notes; and

recording locations of photographs and stops. These images will
probably not record all detail Visible on the original, but they are
usually suitable for making notes without damaging the original.

(4) If several interpreters are participating, itis usually best to work in

teams; with division of labor such that eath has responsibility for
specitic tasks. If interpreters have been assigned specific gec-

graphic areas, then each is responsnble f.: plannlng the itinerary.

and assumes direction of excutsion for {neir area-
{5) Ifthe project has not already initiated contact with local plannlng,

soil conservation, and agncultural exterision personnel; these
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organizations should be involved in providing adyice and infor-
mation: They may be especially heipful in planning field excur-
sions. S o !
_ (6) Atihie completion of thie trip. a systematic effort must be made to
organize all material and information, and to be sure that field
notes are clearly transcribed into a more formal format while their ;
maaning is still clear to all involved: Notes and annotated maps "

must be identified in respect to date; and the person who made

the observations.

Checking and Editing

_ Error are inevitablgy As a result, checking and editing are essential steps in the
preparation of a map, jé%éi in significance to the more immediately obvious steps.of
acquiring imagery and preparation of the image overlay. (We shouid not accept the
false distinction between those who make errors and those who do not, but rather

accept the more valid distinction between those who inspect for errors and those who

neverlook!) . . S
The search for errors is continuous through the preparation of the map, but tends to”

focas at-specific stages. Each parcel on the image overiay should be compared to the

original image to confirm its identity, correct boundary placement, and adherence to the
minimum parcel size. On the final draft of the map overiay, a check is made to confirm.
the presence and legibility of all boundary segments, labeling of parcels with their .
correct symbols, and registration of land use detail to detail on the base map. For large
projects with several separate sheets, a specific check must be made to ascertain that

boundaries match at the edges of sheets, and that parcel identities match across sheet
edges. . o o ' :
There is little benefit to be gained from an attempt to list all of the errors that can

occur in the preparation of a land use map from aerial imagery. But it may be useful to
propose two principles that can be applied to Letect and reduce errors of all kinds #irst,
checks for errors should be made throughout the preparation of the map: the varliar
efrors are detected, the easier they are ta correct. However, if the check forf €rrors - nic?
focused at specific stages in the produiction of the map, the search for errors Hes
3o diffuse that it loses meaning. Therefore, specific steps in the production prr. ©ss
(perhaps at the completion of the image overlay and.completion of the map overtay)

shouold be designated as opportunities for checks of the work completed thas far — a

hurdle that must be passed before the next step begins: Second, errors are easier to

control if specific individuals or groops assume responsibility fui specitic portions of the
project: Checking and editing should then be clearly separated from the preparation
process by desig::ated indwiuuais to rheck the work of others, or having individuals
check their own work at a time and .ace Cifferent from the time and place of ariginal

_ preparation. These steps assist in promoting a critical attitude during the process of

checking work for errors.

The Map Overlay
The map overlay is formed by plotting bournidaties from the image overlay onto an

accurate planimetric base (Figure 13). Parcel boundaries on the image overlay include
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FIGURE 13 THE MAP OVERLAY Thls,ove,rlag. prepared from the

overlay in Figure 12; reglsters to the planimetrically accurate map shown

above. The land use boundaries-have been changéd in scale and

geometry so they now have a form suitable for measurement of arecs or
dis The shaded pattern dutlines the approximate area shown in
Figurc +2; which_is now represented at a smaller size because of the
change in scale. Symbols refer to Table 7. '

positional errors |nherent to all rermotelv sensed |mages The |mage overlay, a prelnml-
nary document, cannot be used =5 the basis for accurate measorements of distance or
area. The map overicy regls?ors to an accurate map; so that corresponding detail {when
present) matches exactly? “it jorms the basis for the final land use map. Even in
instances when geometric errors have been minimized by preprocessing of the re-

motely sensed data; it is often desirable to plot iland use boundaries on a map base
compatible with other maps frequently used.

Changes in image scale and geometry can be made using a number of methods,
including use of reflecting projectors; or instruments comparable to the Sketchmaster
or the Bausch and Lomb Zoom Transfer Scope. Often preparation of thé map overlay
requires not only changes in map scale, but also changes in map geometry necessi-

tated by geometric properties of the remotely sensed images. Devices such as the
Zoom Transfer Scope are useful for this purpose because of their ability to permit
convenient changes in lmage geometry, a process that is difficult with the usual

reflecting projectors.
Regardiess of the procedure to be used, the process of matching the two images is
easiest when there is ample detail common to both image and map. As d resull, the

image overlay should be prepared to show, for example locations of dralnage topo-

" graphic, and transportation features visible both on the map and on the remotely

R bd .



O

ERIC

Aruitoxt provided by Eic:

The Report 61

sensed image, even f such features do ot always correspond 1o land use boundaries

shown on the final map. chh features provide the common detail necessary to permit
convenient and accurate registration of the two maps..
The map overlay shows land use boundaries and symbols plus other featares

- {such as major highways; rivers, and place names) that may be useful to the reader in

orientation and interpretation of the land use map. The completed map should include a
bar scale, legend, titlé, coverage diagram, and other information required for accurate
interpretation.
The Report :

Maps seldom stand alone; to be accepled by readers at face value; without
supporting information. The notion of "*Supporting information.” in tmscqntext should

be interpreted broadly, to include not only formally prusenred written material that
accompanies the map; but also the wider realm of knowledge that the reader uses to
examine and evaluate a map. Some maps include writter: expianations of mapping
teshnique and mapping unit characteristics, either as tesi un the map ItQIf or in
documents that accompany the map: This kind of inforrition torms explicit information
formally presented to the map reader. )

Although many maps are without supporting 'nior wation in 7sqgr:explggltif0[m the
map reader oMen has the benefit of implicit, informal knc sledge deri-e 1 from experi-
ence with similar map§ For example; the reader of a US(:S topogashic quadrangle is

presented with very littic explicit information conc 3: niri: mizppi-g txchinigue if the map

itself is considered as the only source of information. !~ sever, the cader usually has

daccess to substantial implicit information; acquired ir. " 2 r xamiration of other similar
maps and through knowledge of cartographic conver.ic™s. As a result, the reader can
employ in a wide range of knowledge not obvious from  ~1«ition of the map itsel! — for

exdmple, symbolization, accaracy, cartographic conVentio ns, znd degree o generali-

zation:
.Land use maps, despite many superflcr Slm.narmes G ona another. are 'c'h'arac

terized by nctable diversity in respect to purpese, categorlzauon datail; accuracy; and

symbohzahon Therefore; the reader must depend largely on explicit information,

formally present-  in writtén documents that accompany the niap. As d result, careful

preparation of supporting documentation assumes an importance 2qual in significance

to preparation of the map itself: . . I L
Specifically, the reader requires knowledge legardlng (n the regional setting, (b}
methods and materials used to prepare the map, () definitions of mapping units; and

(d) the summarizéd resalts: Emphasis de d to each of these lepics may vary in
relation tc requirements of the organization that will use the study, purposes of the
study. and the expérience of the intended users. For example. the description of the

regional setting may be abbreviated if it is known that the users of the map a. » already

familiar with the area to be mapped. As a general rule, however, each item should be

discussed, to provice a complete document that can stand by itself.

Regional Setting |

The reg:onaﬁlideiscﬂgtlpn outlings the geographlc setting of the mapped region with

emphasis on factors most likely to influence the development of jand use patterns
{Figure 14). Unless the area is unusually large and diverse, a brief narrative of a %{v‘
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REGIONAL SETTING:

Roanoke i§ a major transportation center
for southwestern Virginia, having railroads,
major interstate highways,; limited access high-
“ays) and an airport. Roanoke County falls in
the physiographic Blue Ridge Region of the
Fastern Faraing and Forest belt: The Blue Ridge
Region extends fren eastern North Carolina
thtough Vitginié and Maryiana ana as far south

approximately 18;900 square miles. Typically;

Lwo-thirds df the aréa is foréstéa (éo% in

_ National I

FIGURE 14  WRITTEN REPORT: REGIONAL SETTING

paragraphs should be suffrcrent The reader who reqaires a detailed description should

be directed to ionger and more elaborate documents that focus upon specific aspects of

the region.
The purpose of this report seotton is stmply to set the stage for subsequent

description and analysis of the land use patterns. These patterns can of course be best
understood in relation to the physical and economic context of the région. The physical
setting is described in brief outlines of climate, topography; soils; drainage; and nataral

vegetatlon The economic setting is described in terms of the key elements of the
industrial, commercial. and agricuitural life of the region. In most instances this section
should also include a brief description of the regional transportation system, with

emphasis of links to other regions: The brevity of the regional description precludes
completeness it should; however, sketch the main features of the regional economic
pattern, » ‘1 emphasis upon the interplay of physical and cultural elements that deter-

mine the bro_ad featares of the regional land ase patterns

Methods and Materials

Also very! brref thrs report section coosrsts |deally of only a few conmse paragraphs

that describe the imagery and interpretation techniques used in preparing the map and
supporting data and documents (Figure 15). Imagery scale, resolution, date, quality,
format, cove' ge and source should be described. If it has been necessary to use
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SOURCE MATERIAL:
The imagery used for this land-use/land

1:175,000 by NASA on 4 Juune 1973: The overlay
r2i.irers to the northern half of the Roanoke

7. u«inute USGS quadrangle.

FIGURE 15  WRITTEN REF¢ IT: SOURCE MATERIAL

ssions {0 complats cos-s1ages of 12 study a1 (due perhaps 1o aps, clouds,
or partial coverage by the primary . =iy}, the co-erage diagram should depict

Several missions to complets Loy

respective coverage of each form of iftiz gery (Figure 5). The character and sources of .

collateral information are also described; as are the chharacter and timing of field
observatins. The interpreter also provides an account of the intérpretation procedure;,
with mention of any special equipment used.

Mapping. Unit Descriptions

Descriptions uf mainsing Units form the most important part,of the written report;

they describe each catejory used in making the map, as they have been defined for
this specific report, and as they h~e been applied to this specific image (Baker et al.
1979): Information should be presented concisely, cleary, and in sufficient detail to be
of use to the reader in interpreting the map. Edch category is described by specifying
four separate elements (Table 9):

First: the name and symbol are presented exactly as they are used in the map
legend and on the map itself. Every category usad on the map appears in the written
report. - o , ,
Second, category definitions give precise, clesr meanings. The reader may under-

stand the general, conceptual definition of ‘rban iand,” for example; but cannot be

expected to know the Specific operational interpratation applied using specific imagery
: PP
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of a specific geoc-1iphic region. Often the interpreter may be required to make very
subtle or arbitrary distinctions in applying the classification to a specific image. and
these distirictions may vary at differing ¢ scales and resolutiors, and with differing forms

cf aerial imagery: Without the benefit of the information presemed bythe interpreter; the
map reader has no means of reconstructing the operational meaning of the categories
on the map. Descriptions should usually be concise; if elaborate descriptions are

required; they probably should be presented in an appendix:
Third. a-ground features’ section presents an inventory of the primary objects and

features that occur within each mapping unit. This section serves several purposes. It
permits the reader to acquire a very precise undersrtandlngr of the way that the inter-

preter has applied the ciassification to the image in effect; this section reveals the
interpreter’s operational definition of each category. It also maintains the interpreter's
discipline in defining mapping units; the interpreter who has difficulty in preparing

concise inventories for each category discovers; in &ffect; that the categories have not
been carefully defined or consistently applied to the :mage — lapses better discovered
earlier rather than later.

TABLE 9 SAMF’LE DESCRIPTIONS OF LAND COVER CATEGORIES"
DEFINED FROM REMOTE SENSING IMAGERY

Symbol  Name Définmon o Grq@Féaturgs Image Appedrance
11 single-unit land occapied individoal homes, tree crowris may be
residental pnmarily by ~ lawns, dominant features
detached dwellnng“ streets: (medium dark tone,
and associated trees o coarse texture); regular
structures st -2t pattern;

driveways, sidewalks,
lawns visible; rooftops

visible
112 maltipeeumt dwehoa s apartment buildings  large_buildings
nesdential designed for grassed areas, usualily rectangular
occupaton by ¢ Tng areas arranged in clusters;
severdl tamilies rooftops, parking 1ots

visible; trees usually

absent or sparse

211 cro,: it fand sqed for plowes fr and, land  fields frequenlly have
harvicld cash plarted i crops., straight, or even sides;
[N feniceilrs  odgerows, fine. even texture;
foes :i.ds photo tone usually light

{very dark for plowed
land): contour plowing,
Strip cropping
frequently visible; field

size usually small or

S mrderate P
212 pasture land used primarily cpen grassland, fields frequently large
for grazing live- occasional isolated irregular shape,
stock or for hay shrubs. trees, fence-  indistinct boundaries:
oy lines, hedgerows, medium photo tones;
K farm roads texture is motiled in
o o appearance
r~y S
(<
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The mmost important furiction of the gréund features section is to present an
accounting. for edch calegory, of the presence of foreign inclusions. For example, the
limitations of mapping scale may require that unmapped parcels of forest be intluded
within areas designated on the map as cropland. It so. th  iapping unit description for
cropiand Should specify the presence, identity; proporticn; and (if possible} the pattern
of Gcciirrence of the unmapped inclusions. (“Includes small isolated patchss of decidu-

ous forest too small to be mapped up to a total of about 15 percerit of th- dre a mapped

the mapped region.”) :
Fourth; the image appearance section describes each category as it appears on

the image. using the “elements of image interpretation” as a framework for.description.
Table 10 lists a sliggested vocabularly, with examples, as a means of describing the
image appearance of land use categories, as they appear on black and white aerial

photography. Variations can be devised to suit other formis of imagery, with a range of
scales and resolutions. B : ,
The 'image appearance’ section does not attempt to déscribe the ground appear-

ance of the category, but the appearance of the category as it is represented on the:
imagery used for the study. In brief, it does not form a general; universally applicable
duscription, but merely an account of the facts that apply to the Specific interpretation at
hand:.

TABLE 10  VERBAL DESCRIPTIONS OF LAND USE CATEGORIES AS
DEFINED FROM AERIAL IMAGERY — _

~ Often interpreters encounter difficuities in prepiiing written descriptions of the reslts of
manual interpretations of aerial images. Here avariety of qualitative descriptive terms arelisted as

suggestions for your interpretations. These terms are in a sense imprecise, andmast apply onlyto
Sesific images, but they do offer a means of specifying image characteristics of land cover

op your own modifications as you gain experience.

_ Some Suggested Qualitative Descriptors -

Size: “small;” “mediom; “large;” L
also: is si7e: uniform™ or “varied”?
Shape: ~gompact,” “regular:’
“elongate.” “square,”
“irregular;” “rectangular”
Tone: “light,” “med . "dark”
~very light.” "very da
Texture: "coarse.” "mediur
also: "eve
- “mottled. . o o
Association: Sta-e if there exists a consistent spatial association with other categories.
o What is the character of the boundaries with neighboring categaries?
Shadow: Can you deterriine it shadow contributes to the appearance of a cate-
o gory? Consider not only objects, but areas as well (See Figures 7 and 8)
Site: y In some instances, topographic position (site) may be an important

means of describing the distinclive characteristics of featares or
cétegories.

Pattern: Specify if objects within a Specific category are arranged in a distinctive

mianner. An obvious example: an orchard.
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2 Agricultural Land

21 Lropland and Pasture - Parcels Qf varying

shapes; sizes; tones; and arrangement which
generatly abut roads. Contain a mosaic of
areas for the cultivation of agricultural

products or livestock.
21.1 Cropland
. Areas with etralght edges and rounded
£ curves are aligned along roads_and
often associated in greciaps: Farm
“ . homes and buildings located within
*  some clusters. Differences in fields
recognizabte by texture, tone; and
color variations but particular crops
not identifiable. Colors range from
burnt Orange to grey. Some parcels
have Same pink points recognlzable as

individual trees,.

o~

21.2 Pasture and Meadow or Pasture/Forest
Regroth
Larger parcels often borderlng crop-
land. Mottled appearance.. Tones
vary from grey. to grey/plnk mixture.
Tree clusterS identifiable but too
small to map.

Mép’p’ih"g unit descriptions can be presented in either of two_formats. A brief’
narrative section, such as that used by'Baker and colleagues {1979) presents each

mapping unit description in a few concise sentences; organized to present all of the
information outiined above (Figure 16). Or, it may be appropriate to present the same
information in & table (the classification table) organized as illustrated in Table 9. The

classification table serves two complementary parposes: First; it provides explicit
information for the map reader regarding category definition and composition. Second;
compilation ¢f the classification table forms a means for the interpreter to evaluate the

logic of the :rterpretation process. If an interpreter attempts to map ill-defined
catagories. or categories that cannot be clearly separated on the basis of image
appearance, the problems quickly become evident in the preparatlon of the mapping
unit descriptions.
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Summary

The report concludes by summarizing the results of the inventory. Here the

interpreter can describe problems ancountered during the preparation of the study If an

gvaliiation of the map's accuracy has been conducted, restilts are reported here.

For most studies; however, the main portion of this section is devoted to summariz-

mg the area occupied by each of the categories on the map. Because our interest here

is essentially with inventories of existing land use, this summary forms a description of
land use patterns as observed at the time of the imagery. Usually an evaluation or

FABULATION OF MAJOR LAND USE CATEGORIES

L ) __RREA .

___»(I;'-XE'F.(;(J-R\'* AND USE -~ _{IN ACRES)
41 Forest N 5159:2
1451 Uridevefoped Urban 3564.1
111 Single Family Residential 3345.2
21 Cropland and _Pasture 2108:2
RN Orchards; Groves; etc... 1154.7
146 Airport 707.6
121 Commercial and Serv1ces 690:3
76 Land in Fransrtlon 511.3
1732 Golf Courses 378.4
142 Four Lane, Limited Access 220.0
, Highway -
212 Pasture - 179.9
761 Road Cuts - 148.6
livs Mixed Urban & Resrdentlal 137.5
573 Reservoirs 137:.0
R Prifiary & oecondnry Ed. 135.9
171 Cemetaries 97.2
2l Cropland | ' 80:8
112 Multiple Unit Residential 42.0
161 Mixed Corimercial /Residential 55.9
762 Barren Areas 3t:2
213 pasture . (Overprown) 48.3
23 Confined Feeding 29.2
LAY Water/Sewer Treatment 261
54 Small Pondg. . 22.2
123 l.arge Shopping Centers 30.7
1773 Recreational Land 145
113 Trailer Pdrks 10.0
Total 19,065.1

FiGUﬁE 17 WRITTEN REPORT: TABULATIQN OF AREAS.

Here: the categories are ranked in order of total area on the map. .
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interpretation of the approprldtoness of the observed patterns is not appropriate in this

context, although the results of the inventory may form the starting poirit for a separate
study that does assess the relationship of existing patterns to ideal patterns

A briet narrative may be appropriate, but the hear*of the summary is a tabulation of

the areas occupied by each land use category (Figure 17). The area of edch parcel on

the final map is measured using a planimeter; electronic digitizer, or other means.
Accurate measurement of dred deperids on careful preparation of the map cveray;

measurements made from the image overlay will be in error. Areas of séparate parcels

are summarized by category to yield a single total for each category The final tabulation

of areas shows each mapping unit by name and symbol; with its total ares in the

mapped region (reported in acres, square miles, or hectares as appropriate} and

percentage of the total mapped area: Detailed categories dre collapsed into broader

categories, so the listing reports all possible evels of detail. If the mapped area has

been subdivided into political or census units, areas of each category are aiso reported
by subdwision.

Regardless of the method used to measure areas: the total for aII categones
nnevnably differs from the known correct total for the mapped region. The interpreter is

then taced with the problem of allocating the known error among parcels, and therefore

among the several categories. There seems to be very little study of this problem but

one of the most practical procedures (if not the most accurate) is to allocate total error

among parcels In proportion to perimeter lenigth, on the assumption that measurement

error increases with increased length of the line measured: {This procedure cari only be

arough approximation because it sesemsclear that errors are aiso related to parcel size,

shape and complexity:) This procedure requires tabulation of perimetérs untij the

error is allocated. If a digitizer has been used; it may be a simple mane to store

periieter lengths for use in a computer program that finds and reports adjust areas.

It manual methods have been used, the interpreter will probably decide that practicality

dictates use of parcel areas rather than perimeters as a basis for error aI
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Data

Althioiigh miachine processing of re .y sensed data has been practiced for

many years, it has found widespread use or+': scently. The launch of Landsat 1 in 1972
led to widespread interest in machine processing. Prior (o tandsat 1, digital data were
not widely available for the general user, although most of the major remote Sersing

centers were equipped to genefate and analyse digital remotely sensed data~Among

the wider community of remoté sensing practitioners, the equipment and expertise

required to routinely conduct automated interpretations were generally not available,

partly die to the absence of digital remote sensing data.

As Landsat 1 began to generate a stream.of imagery and data; it soon became

evident that manual interpretation proceduires would not be sufficient for full exploitation
of information in Landsat data; With routine availability of digital data at modest cost to

the user came increased interest among businesses, ‘governmental agencies, and
universities in developing capabilities for exploiting these data. Improved quality and
increased availability of mini-computers, associated peripheral equipment, and com-
puter software has also increased interest in digital processing among a broad cross-
section of those who use remotely sensed data. o

Today, the cababilities for digital analysis of remately sensed data are dispersed
widely in the remote sensing community. As a resuilt, all who have an interest inremote
-ansing require at least a general understanding of the topic. Machine processing

appears to be of special interest for those with an interest in land use mapping, because

the most interesting developments in machine classification have focused on land use

and land cover mapping. . S o
Digital analysis encompasses a wide range of operations in which_remotely

sensed c'3ta are subjected to analysis or manipulation by algorithms that treat data and
information in an abstract; formal:marner. Despite the abstract quality of the analysis;

an objective is to rermove human judgment from the pracess. The analyst must make

and it apparent remoteness from direct human intervention, it is wrong to assume that
decisions throughout the process of machine interpretation, including choices regard-

ing the kinds of operations performed, and specific options selected in implementing
given operations. These decisions require skills and perspectives equivalent to those
required for manual interpretation; there are many individuals who can implement the

mechanical steps required to produce a machine-generated map, without the support-
ing knowledge and expetienice necessary to prepare a useful map. As a resiilt,
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<machine- generatad maps are Sublect to the samie kind of scrutlny we mlght apply to any

map That the map was generated by computer does not release it from the same

seen in cost effectiveness for mterpretatlon of large areas that must be repeated ona

routine basis. For example; identifications of crops within large agricultural regions

might be required. several times thréughout the growing season to record the kinds of
crops planted, their relative areas, and growth states. This is the kind of task best suited

fai machine interpretation: Machine interpretations are miost effective for single, urnii=

form, images {such as Landsat imagery); or other data with standard formats: Machine

mterpretat:on§ can be awkward (at best) when it is necessary to use several forms of

data with diverse characteri

same data. the same series of operations will yield identical output: Thus, the lmerpreta-

tion of animage can be exactly duplicated, or the same operation can be applied exactly

to several images.
Digital ciassification can snmultaneously lnterpret data in several spectral bands

and thereby conduct anaiyses impossible or impractical by manual methods. Often it is
possible to construct composite data from several channels and dates, or o use

ancillary data in @ form compatible with that of the digital data. Likewise, abstract

mterpretatlon algornhms usmg statlsncal/quanmatlve transformatlons and decision

ics. Machine analyses yield consistent results: given the

and in operatlon speed of anterpretatlon can be an lmportant advantage over manual

methods. The ability to conduct analyses rapidly may permit the operator to explore
alternative interpretations, and thereby acquire accuracy, flexibility, and a knowledge of
the scene not possible with alternative approaches. Finally, output from machine

classifications may be compnble with other digital data from other scenes or other.
sources. facilitating comparisons; compatibility with geographic daia bases. and map-

ping of change.
Machlne classmcanons have dlsadvantages and limitations. Machinie classnflca-

tions are expensive for small areas; or for analyses that mustbe conduocted once or oniy
:nfrequently. Start-up costs may be high, and lead time may be lengthy. Expensive
equipment must be acquired, dnd personnel must be hired or retrained to service,

maintain, and operate equipment. .

There seems to be much more attention focused on the accuracy of machine
classitication than upon accuracy of similar manual interprétation. However, in many

machine interpretations: quality and accorscy may be difficalt to assess, so the user

may be presented with a product of uni.nown quality. Moreover, machine anaiyses
usually require standardized imagery ard data. Ofien the most lime-consuming step in

'conductmg a machine classification is that of acquiring and ther converting datainto a
tormat appropriate for the system to be used. In some instances this process may
require more timé and effort than the actual generation of the classification itself.

Despite the wide range of options available in most image processing systems,

they can be said to be inflexible in seme respects. For example, the system may be

tailored to perform certain operations efficiently, but even modest departures from the
original purpose may requare  substantial changes in system pregrams. Also, data may

be expensive; unavailable in the desnrechormat or datg, or available only after long
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delay: Preprocessing may be required to correct efrors present in the data: In a sense;
the abiiity 1o conduct preprocessing is an advantage; seldom is preprocessing con-
ducted for manually interpreted imagery. However, machine analysis may be more
sensitive to small geometric and radiometric rfors, and preprocessing may itself

introduce undesirable characteristics into the data. -

¢

The Image Analysis Process i

Machirie analysis can best be understood in the broadeér context of overali data .

acquisition and analysis. For most of the data considered here, sensors react to energy
emitted by the sun in the visible and near infrared portions of the spectrum: This energy
passed through the earth's atmosphere, is reflected from the earth’'s surfzce, then
passes back through the atmosphere beforeit reaches the sensor. Thus, the visible and
near infrared energy has twice been subjected to effects of scattering and absorptionin

the atmosphere before it reaches the sensor. Fot images depicting very large areas,
such as Landsat scenes, these effects can vary within a single image.

" Energy reflected from the various features on the earth’s surface can be under-
stood only in the interaction between a specific landséape and the spatlal, radiometric,

and spectral resolution of & Specific sensor system. These qualities determine the
levels ol detail or variation in a specific scene; the variability present depends, of

colirse, upon the specific landscape to be imaged. Key variables include the nomber,
sizes, and shapes of parcels present, and contrasts in brightness. Contrast in the

landscape depends upon the identities of the parcels (forest, water, cropland, urban)
and the time of year, to mention two of the most.obvious factors.

Artifacts in remotely sensed data may be caused by spatial or temporal variations
in solar angle, Solar elevation, and local topographic slope, aspect;, and relief. At the
high altitudes and coarse resolutions of satellite-borne sensors, these elements as-
sume a significance not evident in many other apolications of remote sensing: Thus the
character of the energy reaching the sensor is Controlled by many diverse and interre-
lated variables, many unknown in detail to practitioners of remote sensing. _
~_ Agiven sensor may produce animage (in the sense of a photograph-like represen-
tation of the earth's surface), of data (an array of values), or both {Figure 18). Usually it
is possible to changa from onie form to the other, if we are willing to accept some loss in
quality. Once data are in hand, the image analyst conducts an Interpretation using

gither manual or automate ' procedurés. Usually the initial choice of data (either.

numerical or pictorial) is an implicit choice of method; so acquisition of numerical data”
assume- .. saquent quantitative processing, but there is no reason that the image

analyst © ol -~ - usa elements of both methods if necessary. ‘We cannot judge that
eitherz, . - .18 by its naiure superior to the other. Both have characteristics suited
for spes .ic kinds of problems; and the best choice depends upon the resoarces

available; the character of the problem at hand, training of personnel, and similar
factors.
Digital image Analysis Y

The following Sections focus on the main features of numerical image analysis.

Procadures for automated interpretasions vary so greatly, depending upon the specific
problems at hand and accepted procedures and programs sstablished at spegific

facilities, that no concise explanation can cover all options available for an analyst.
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FIGURE 18 é,iéfQR'AL,ANP,Di,GJ,TAL IMAGES. The uipper left
image is a portion of an aerial photagraph. (June 1980) of a
warehouse complex near Roanoke, VA. The values below it show a

small portion of the same area as recorded (November 1980) by the
LANDSAT muiltispeciral scanner (band 5); Each digital value repre-
sents the brightness of a ground area said to be approximately 1.1

acres (0.44 ha) in_size. Loy values indicate dark surfaces; high
values indicate bright surfaces. The image atthe upper right shows a

display of these digital values with brightnesses scaledto represent
the magnitude of the brightness recorded by the scanner. The blocky
appearance is the result of the relatively coarse spatial resolution of
the imaging system.
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{ and ¢ d some of the options available on many of the
larger image processing systems. Their list is now out of date, but still provides a usetu

summary of variations among systejis. The following paragraphs therefore formonly a
ds for automated image itérpretation
iis will vary greatly (Swain and-Davis 1978;.Moik

Catter and colleaguss (1977) survey

(Figure 18): In actual practice det . 7

1980). Note that the sequence illusti\ted in Figure 19 does not feplace Figure 11;but
simply describes an alternative se ce for generating maps and data. The analyst
should still follow the broader steps in Figure 11 that call for consultation with the user,

field reconnaissance, and related Steps.

Preprocessing

Preprocessing operations prepare data for subsequent anal

repare data for subsequent ; usually by cor-
recting, or compensating for systematic errors. Three classes of preprocessing opera-

tions can be defined. The first are those that simply display or summarize data as a
means of inspecting quality-and detecting the presence of errors. Frequency histo-

grams, Scattergrams, of statistical summaries permit the operator to assess image

guality and determine subsequent preprocessing steps (if any)that may be necessary.
A second group of preprocessing operations are those that compensate for

radiometric efrors, errors in measurements of brightness. These errors result from

defects in sensor calibration or operation, froni-atmospheric absorption and scaltering,

variations in scan angle; illumination of the scene, and from system ‘noise.’ Typical

preprocessing to correct for atmospheric degradati include simple adjustments

based upon reflectances of objects of known brightness. More complex algorithms
/e ~

. . 82
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FIGURE 19 = SEQUENCE FOR MACHINE INTERPRETATION. This

diagram shows an idealized; simplified representatic;:i of some of the steps
required for digital analysis of remotely sensed @~a for land use-mapping.

Actual procedures will vary greatly azpending upon specific objectives and
circumstances.

based on examination of the covariance structure of several spectral channels oron
measured optical properties of the atmosphere, may be used.

The third grouap of preprocessing operations deal with geometric errors, posmonal
errors in_relationships_between image representations of ground feaiures and actual
geographic relationships between the features as they occur on the earth's surface.

Some aeometric transformations are not related to errors. For example, changing of
image scale, and projection conversion are operations that simply alter sizes or
locational reference Systems without consideration of the presence of errors. Many of
the usual geometric transformations are negeﬁsﬁsgryitgeqa?@e7of”syisite7m§ygfg;eqmetnc
variations in the movement of the sensor platform or operation of the sensor itsélf: For
example, the simultaneous movement of the Landsat platform and the earth's surface

" along separate axes cause Landsat data to be skewed refative to correct geographlc

posmons Geometric preprocessing shifts positions of plxels to approximate trae posi-
tions on the earth's surface.
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Othes qu(mwtu( ertor, are not direcily predictable lrorn a knowlerdge of sensnr

operation, but may be caused by interictions between several factors: Often these are

net ‘corrécted (in the usual meaning of the word) but are coinpensated for by
rEgistrdtion of tne image to an accu:-le map, or possibly to ailother image. There are a
vanely of methods that have been used fo brii ; ¢ ie imaye inito registration to another

riost reguire thait asily idetitfidble points cortinon o both images s be used to donve

hitear finctions wnich are then used to denve, from thz original imane. new data that
register 1o the correct .mage. The resampled image approxim.: hypothencally

corroct imago that registers exactly to the wue map of the arc

It must be emphasized that all preprOcessmg procedures alter tiic original data,
purhnp 5 1N ways inat are not intended or iully understood. Althgugh the objective is, of

course, to generate altered data that approximate ideal data; free of error; it seems

it tht there @reinstances in which preprocessmg itself introduces undesirable
effects possibly equal in significance to the errors that were remaved. There. > has been

very little systemdhc study of the eftects of the usual preprc.essing operations opon e

performance ¢! ihe classificatioit digorthms; so asers are advised to proceed with
caution

Fealure Extrachon

Feature eodracion r(\duccs the dlmen5|onallty of the data. in this contex®.
featire should be thouth of as ‘useful information’ in the daia, rather than a phys!cdl
faature ON the paih's surface. Admiltediy, this terni is confusing, but its use in this

context is wall established. Feature extraction servas the practical purpose of reducing

the number of vdriables (in this context; spectral channels) that must be examined,
1hereby saving ime and resources devoted to an analysis. Implicit is-the notion that the

reduced data set provides information comparable to the complete data set; so that

elirin.ition of data results irt crily minor loss in information. Inthe ideal, the loss consists

mainly of noise present in the raw data. Feature extractionr is important in a conceptual

sense becausc it can permil the analyst to focus attertion immediately apon the most

useful poriions of the data by excluding noise and variables containing little additional
information.

Subsets of a compiete de 2t forma 5|mple examp!e of feature extraction: The
user applies existing informati <perience, and the resuilts of previous analyses to
silact Uor example) two of t , of five channels in ihe data in the belief that the two
channels selacted provide n e *omparab'e in detail to thal prowdec‘ by all five:

~ Ratios are guotients ¢. values .. tvo channels measured for the same pixel
‘TUcKer 1979). Ratios car reduce the number. :annels, and may enhance represeri-

1ations of distributions recorded on the ime ¢ if there is an invers -slationship
betwoeh bhghinesses of the same objects in two channels: Featare selec.,on can also
Bis e (‘()mphxhwi ty oiher procedures: including principal components analysis, which

can reduce several channels of data to a few independént measures that may have

great éffet,'.n,fs;.-wess In classification

Inage Entiancement

image enhancement has been used with So many different 'neanmgs that it is

difficult to assign a ciear definition. In general it refers to operations that imc.:.-/e the

L= ——ﬁ——d
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. xqucnt manoal nte:pu tahon contrast; featare selection 1s peinaps mo: : niten used
when numerical processing is 1o follow. Image enhancement is ofter: 10 prepare
images-to be used in *he search for geolr; '~ fauits orlineaments net. iy recognized

in the raw rnage Mypical enhancement procedures might include ra 113 -i11g, threshold-
ing (assigmng digital values above or below a certain threshold to a set value); and
contrast stretching (a'taring the range ot brightness values to improve the representa-
tions of specitic features). Many n 2 enhitianceinient operations.are available; some are

useful N preparing data for qua.i B g

uail .oprw.c-ntdhnw. 61 soloctad dlstr:butoons on an image for the purpose of sub-

tative malysns others may be useful only for visual
analysis- Figure 19 shows enhancement as leading to subsequent manual interpreta-
tion {Chapter 5). although other optiuns are possible. More than many other proce-

2

dures; ennancement lacks a firm theoretical basis Many procedurps are applned
without an understanding of wiy they are effective and ofien their eff.ctiveness varies
greatly from one coitext to another.

Decrsion and Classification

Thore sire several :dlteinative appreaches to e decnsron and classification step

that operates upon the digital data. In this step. the data ! =t have passed through
preprocessing and feature ex'raction or :mage enhancement are examined and as-
signad to-informational categories spectral values are assigned to the land cover
categories of interest to the user:

. Supervised classification includes cperaiions that use information derived frdi:p a
few areas of kiinwn identity to classify the remainder of the image. The operalor must
carefully locate imaqge areas that are kiown faithfully to represent classes on the final
map (Joyce 1978). based on . round map: or phctographic evidence. These areas

must be carefu:ly selected as aCcurate samples of the 'arger areas iney represent, and
their Iocratnon must be carefully recorded and located ori the image. Once these training

zieas; or 'rraining tields;” have been accurately Iscated on the image: the classificatior
aigoriihm uses the spectraimean variances. covariances, and ranges of values within
the training fields a5 @ b4sis for uie assignment of pixels of unknown identity to the

categories rep'esented by the traiming data: The extent to which the training areas
represent the categories to be mapped determines the accuracy of the final classifica-
tion {Hixson 1980; Campbell 1981). o
Uncuperwsed classificarion. an alternative to supervised classficiar desig-
nates a class of numerical operations that search for ‘natural’ grouomq" of the spectral
rroperties of pixels, as examined in multispectral daia space. The iimage analyst then
attermnpts to assign these matural ‘groupings to the informational classes of interest to

the map users. The operator who uses supervised classification has a greater degree of
interaction with the classification algorithm, and may be able to shape the character and
accuracy of the output. Unsupervised classification may reveal the fundamental

~haracter of an image; including the numbers of: and interrelationships between;
spectral classes. The operator must inspect the output very carefully to determine their
correspondence (if any) to informational classes of interest to the user. Although the

operator has contrcl over minimom and rnaximom numbers of categories to be pro-

duced by unsupervised classification, he has no control over their identites — a
practical disadvantage. especially in situation~ demanding a specific set of informa-

85
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Utistperviced Llanaificition regiires. wtion of @ fuw values of initial centers of

i spectril closters that are formed by classification siconthms. Sometimes these
smrtmg \4d|ue§ are randomly selectw (o dsaure a represcnratlvc samphng of the entxre

krmwn l(: the op(-mtor Therelore. Flgure 19 shows the selecnon of training data as a
common prelimmnary step for either Supcreised or unsupervised ~lassitication, even
thotigh traininy data serve sepdardte purposi:

in gach of e 'we  pronaches:
Although the distinctions between + U ervised and unsupe: vised classification may

seem quite distinct. ther: nave been advantages in combination:. ~t the two methods.

For exariple. unsuperv:snd classificatian .can be .used to define Spectrally distinct

cateqories. which can then be used; wiih other informat.on: as the basis for defining

traiming areasfor superv :ec classihcat.on Alternatively, specific trd:nnng areas can be
Siiocted to form the startie values for formmeg clisters for unsuperviscd classification.

It general, the most appropriate ciassificat strategy dépend° upon the basis of the

nformation at hand. experience .of the operalor; objectives of the study. anu charac-
t gt ol the region to be mapped (Mérchant 1983)

Ciassification mips produu o by nuiching are; In respect to Ioglcal urganization,
ummllysmmdr'umose oroduced by manual interpretation, although the: two kinds of
maps may differ in appearance. The digital format niay result in @ rather blorky
appearance for boundaries on-the machine classification (see Wray (1983] for a

discussion of i method of presemar-on that elminates the blocky appearance). The

colors and symbulc used to represent categories on the mdchine classification may

differ troni those usiidlly used for manually produced maps. These visoally differences

from trintionat - 1p5 often dre not lmport(.nl '\Ithough othcr dlfferences are 5|gn|f|cam

and symbms of virtue of participat.on in the piocess of selectmg tralnlng data durlng the

“1ssification i»Lcess. For ursupzrvised classification the classifica‘ion algorithm has

control of the ..ientities. and sometimes the number~. of categories present in the final
classmcanon For example. asingle category or the classification map may correspond
w0 of more spectrally similar land g2 categorses it may not clea.ly match any land
use category This genoml problem o1 matching spectral cateqgories with informational
categories s ofien a serious issue i1, maching cldssification, and < discussed in greater

detail below. S -
Manual!y producad land Gse - ps asoally show relatively 1~ je parcels, duein part
to tho mterpre'er s qmerahvanon or (hr Iand use pa'tern ourln\ ompllatlon Macrhlnre

scattered i d salt and pepper fashion over the mapped area. Suc’ oatterns may | be
caused by ** - ¢ tural landscape pattern. or sometimes by the fact that mariy classifier
algorithms uperate upon e:ch pixel in isolation from its neighbors: For the user; iz

dbundance of tiny parcels may constitate a kind of 'noise’ that detracts from the
psefuiness of the map. As a result. the analyst may wish to conduct post-processing

-operations to produce a map closer |n dppearance to that produced by manual

methods. For examgle, an dlgciithm may be designed to search through the map (in its

digital formj to 1dentify these small narcels; then merg .them with larger surrounding
8]
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parcelb to pmduco i Vl‘.Uutlly sunplltled map wtth larger parcels (Todd et a/. 1980}. The

procedure that Thomas (1980) devised considers reclassification based upon spectral
properties of pixels, as well as proximity to nearby parcels of contrasting categories.

Soimie post-processing Operations may serve e essentlally cosmetic purposes inthatthey

alter the appearance of the map without necessarily improving accuracy. However, it
must bo remembered that 'nost manually produced maps include cartograhpic

generalizator that can perhaps be considered to have effects analogous to post-
p .cessing opa:ations:

Machine classifications of land use and iand cover patterns date trom the earty
applications of digital classitication of *»motely sensed data, so there is a large body of

knowledge and experience that can be applied to problems in tand use mapping.

Furthermore; some of the most interesting research in digital classification has been
conducted by those who have attemptéd to sclve many of the problems encountered in

the mapping of land cover. The following sections outline some topics of special interest

for those working with automated classification of land use.

;&sstgntﬁg sf»ééi;éi Signatures to Information Categories

informational categorle, such as Ltrpgtg, agri wral; torested land. These

categories are so named becaose they conveykn ige 6t the subject at hand, rather
than the brightness and spectral information conveyed by the raw data from the sensor.

Informational categories can be derived from renictely sensed lmaqe‘ 1o the extent that

they can be consistently and accurately associated with spectral and brightness infor-

mation on the 1mage; using the characteristic colors, brightnesses, and textures thal

may charactenze specific categories. The term 'spectral S|gnature refers to spectral

responses of specmc informational categories, although the term imph~s a consistency

and precision that s . seldom present.
Thus. a tundamental problem in the practtce ot 'emote Sehblng is to match

brightness and spectral categories on the image to *he informational categories of

interest Anaiysts accomplic™* - matching using a ¢omplex_association of the ele-
ments of image interpretation, experience. and contextual information. _During auto-

mated interpretation. in: riatching process miust be conducted in a mech mors abstract

madnner. —ing rather limited information relative to that available to -: .76 nter-
pretor R
Informaticnal categories seldom correqurjgtionﬁa one-to-one 8+ - -2cific

sg-ctral categories. For exampie. a given Informational category such as forested

land; will typically manifest itself as several spectral categories due to natural vari.itions

n density. maturity, and speciés composition and due also 1 variations in illomination;
slope. aspect. «ifid other factors Asaresult; “forest” can be hiapped only by finding and
identifying a vanety of diverse spectral ;.atterns related fo these variations it composi-
tion and illumination. Figure 29y irzias multispectral data for a natural sceiie i which

informational categories apriear as several distinct spectral categorles One of the

basic tasks of image analysts 15 to guide the classification algorithm through the
process of finding, then identifying. the diverse spectral patterns on the image.

Here we can provide little specific advice on this subject except to emphasuze that

the task reqiiires 2n intimate knowledge of the subject the geographic region, the

§7
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FIGURE 20  SPECTRAL CATEGORIES. This diagram represents remately

sensed data from two separate spectral channels plotted on a single diagram.
Landsai multispectrai §-anner band 5 is represented by the vertical axis; bana 7

is shown alongthe horzontal axis. Brightness increases from bottom to top and

from Iett to right. Becaiise brightniess of objects tend to increase simultaneously

in both bands; data for the scene tend to group together aleng a line oriented at
about 45 degrees from the origin. The areas delineated here represent relatively
homogeneous spectral regions as defined by unsupervised classification. Un-
supervised classification procedures cannot, however; assign these spectrai
regions to the informational categories of interest to the map user. The analyst

must accurately label each: spectral category. Note that a single inforiiational
class {'forest") may correspond to several spectral regions, and that. not ail
spectral categories neatly match the usual land use categories — the problem of
matching spectral classes o inf ~-mational classes. Because spectral properties
change with time; the i~ .- 5 ior this scene will not necessarily apply to
others.

79

" image. and the operation ¢t the ciassification algorithin. In this context, it should be

dlear that ase of an automated classification procedure cannot replac the knowledge

and skiil required of the image interpréter who uses manual echnique<.
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 Land use classification often presents special problems for digital analysis be-
cause of the diverse spectral characieristics of many land use categories, Idealized
land use region: consist of spectrally nomogeneous paiches on the earth's surface.

Accurate mapping of such ~gions could be accomplished by the relatively straightfor-
ward process of matching spectral categories to the spectral ‘signatures’ of informa-
tional categories.

- Actual tand use regions are. of coarse, formed often by assemblages of spectrally

dlverse features For "Xciriible Iow densnly resudentlal land, as vnewed from above at

recognize such complex panerns many
serious problems in accurate classification of such scenes because they are de5|gned
to classify each Separate spectral region as a separate informational category. In reality

such categories are defined by the entire collection of diverse spectral responses.
asure 'imar.: texture,” distinctive spatial and

spectrai relationships between nzighboring pixel-. For éxample. the standard deviaiion

ol brightriess values within a neii.ivorhosd of = pecified size; systematicaily posmoned

over the orice image. may provide a rough measure of the. spectral variability over short
distance: v a measure ot image téxture. Such a measure may permit the analyst to

classily composite categories such as the one mentioned above (Jensen and Toll

1982). Usually. more sophisticated measures of texture are required to produce satis-
fartory resultc For anmnle mner t@xtural measures examine relanonshlps beh~een

1979).
Jensen (1979) four-! the use o‘ texturdl measures |mproved his cfa ssification of

Leve! Il and Il suburban ar-d transitional land usmg band 5 of the I:andsat mult:spectral

scanner Improvemontq were con
margihal significance ~hen considerad in the context of mcreasecjpggﬁﬁﬁ
Texturz! ...&asiies seem to Woik best when relatlvely large nelghborhoods are

definzd” (perhapq as Iarge as 64 by 64 pixels; Such Iargc tarighborhoods may caLise

problems when they straddie boundaries between categories. In ad~’ “fe
rieighborhoods may decreasc i« effective spatial reso'ution of the . b
mast form the smallest spatial eiements on the map. For these reasr i
hoods can be considered effective only when very large areas 2 i

Ancillary Data

Anc.llary data’ rolers to the use of non- -itnage mfcrmdtlon as an aid 1or classmca-

tion of spectral data {Tom et al. 1978) In the process of manual interpretation of

images; there s « long tradition of both implicit and explicit use of such information,
inciuding data from maps. photographs. field observations. reports, and personal

experience. For digital andlysis, ancillary data often consist of data available in formats

consistent with the digital spectral data. or in forms that can be conveniently trans-
forrned into usable formats. Examples incluce digital elevation data, or digitized soil
maps (Anuta 1976).

3y
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Ancillary data can be nsed in either of we ways. They can be ‘added’ to, o
“SUpBTIMposed’ over. tha spici-il il @ form a single midltiband image; the ancif
data are treated sSimply a@s additine [l ehivinels of informannn, Alternatively; the an v
sassifioatn st tlegy (as described below);

can proceed in two steps Using i laj ~red
the spectral #ata are ciassified in h- Ii7s! <ii- % 4 =i tivicilial y data form the basis for
reclissificaton and refinemert .+ B

__ A sarious imitation to pracuc. .-
incompatibihty with the remotely s
digital tormiats ) has. of course, obvious pre. i
form a more subtle, but equally importaiii it iLim Be Jor are ancilery data coinn'=0
specificaily for use with a specific remote - antin nreblem; usudily as a rnzans of
reducing costs in time and money, they aie =" « ¢ I om archival data collected for
another purpose. For example, digital terrain ¢ '

{5iich as matching
anifvinay

F gathered by the U.S. Geological
Survey and by the Detense Mapping Agenc ¢ i. .opographic quadrangles are fre-
quently used as anciliary data for remote sensing studies. Seldom, if ever, could remote
sensing projects. absorb the costs of digtizing, editing; and correcting these data for
specific use in a single stody: One consequence o this practice is that the ancillary data
are seldom compatibie with the remotely sensed data in scale, resoluticn, date, and

Jceiracy. Somé ditferences can be minimized by preprocessing of the anciliary data to

reG.ce effects of different measurement scales, resolutions, and the like. In other
«ituations: unresoived incompatibilities, possibly quite subtle, may detract from the
potential etiectiverigss of the ancillary data.

‘Choice of ancillary variables may be critical. In the mountainous regions of the
western U S elevation data have been very effective as ancillary data for mapping
vegetation patterns with digital Landsat data, due in part to the large ranges in local

elevation. and the close associations of vegetation distributions with elevation; slope,

and aspect. In other settings where elevation differences may havzs more subtle
influences upon vegetation distributions. Siich data may riot form effective ancillary
variables Although sume scientists advocate use of all available ancillary dara, in the
Hope of deriving whatever advantage might be possible, common sense would seem to
favor carelui seicction of those variabies with conceptudl and practical significance to
the mapped distribu' s,

Layered Classificatons

‘Layered classification’ refers to use of a hierarchial process in which two or more

steps form the basis for classification. The usuel single-step classification algarithm
uses all availabie in:ormation in_a single process to produce the entire menu of
informational categories. Layered classification uses subsets of data in a series of

separate steps. presumably by applying each form of information in its most effective
context. The hierarchical structure permits th:2 most difficult classification decisions to
be made in a context that isolates the problem + »tegories from others and that focuses
the most effective variables upon that classification decision. o
Fe: example. densen (1978) devised a layered classification strategy that sepa-
rated vegetated and non-vegetated regions early in the classification by using vegeta-
iion indias (analogous to those discussed by Tucker 1979) as a measure of extent of
liviig h-aiiass within each pixel. This basic distinction separated built-up and heavily
vegetated regions at an early point in the classification, preventing confusion between
categories Iater in the classification process. (jU :
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7 tay sred C|:iS‘;IfICrﬂI0n canbe useful only if the classification logic can be structured
In a way tiat «-imizes errors at the upper lgvels of the decision tree. It errors are made

at the first stage, they are carried to lower levels, aind will appear in the final prodact

regardless of the soundness: of subseqoent decisions.

Contextual C'assifie:s
Contex:ual mformation is that information derived from spatial relationships among
plxels wnhln a gwen |mage Whereas textul;al usually refers to spatlal rnterrelawnshlps

posmonal et .pnshrps betWeen prxels enher classrfled or unclassified, anywhere

Contextual classmers are efforts to srmulate Some | of the hlgher order lnterpreta-

irerj processes used by human interpreters; in which the identity of an image region is
denived; in part; from its location in relation to other regions of specified identity. For
example, a human interpréter considers sizes and shapes of parcelgin identifying land

use, as well arsrthe identities of neighboring parcels: The characteristic spatral arrange-
ment of commercial; industrial; residential; and agricultural land in an urban region
perits the interpeter to identify parcels that might be indistinct if corisidered in respect

to spectral properties of individual pixels.

Contpxtual classmers cén also 0] erate upon classmed data to recIassrfy errone-

may be considered to be essentially cosmetic operations; but they are useful in editing
the resuits for final presentatlon

7
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Accuracy Assessment

Study of the accuracy of maps 4~ reports based upon anzlysis of remotely

senscd data has many implicat:=: .. ing their legal standing, usefulness for
management of public and private .- = ~.~d validity for scientific research. &.ind

administrative and managementde- . =.7 %, of course, on the accuracy of available
information. Administrators must +- -+ © - iccuracy of data at hand and the relative
value of data from different soarces: * .~ - ¢ decisions are challenged in court, data
validity becomes a key issue, especially when information is derived from satellite

imagery, or fror* abstra.ct analyses not immediately obvious to the layman. Thus; when

data sources anc! analytical methods are anfamiliar to the public, concrete eviden<e of

accuracy is rer. ::ed to establish credibility. R
From a scientific perspective, analysis of the comparative accuracies of alternative

approaches to image interpretation have great significance for the use of remotely
senised data in many fields. For example; there have been few systematic investiga-
tions of the reiative accuracies ot manual @and machine interpretations, accuracies of

different individuals, accuracies of the same interpreter at different times, accuracies
associated with separate preprocessing and classification algorithms, or accuracies
associated with ditferent images of the same area.

The accuracy of information generated from remotely sensed data has been of

interest for many. years, but recent widespread evaluation of the results of digital image
classification has probably been responsible for the major growth in accuracy assess-

ment. In a way, the focus Upon accuracy of digital classifications is untfair, because

traditionally the usefiilness of manual interpretations has often been accepted in ihe
absence of substantive evidence of accuracy. As a result, it is easy to conclude that
recent interest in accuracy assessment has its source in a suspicion of the guality of
many digital classifications. rathier than in a pure interest in accuracy for its own sake. In
any event, we should not feel obligated to accept at face value the quality of any map,
regardiess of its origin or appearance, Wwithout supporting evidence: Generating the
kind of data necessary to support credible statements of map accuracy is a vers
complex subject that has generated a rather sophisticated debate concerning the most
appropriate methods to be used. We can only introdiice some of the basic issues; the

reader should refer {o the references cited for more complete discussions.
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Detinition and Measurement of Map Acciiracy

~ Inmostinstances the accuracy assessment p1olv: " <. *ntially one of compar-
Ing two rnaps; one based upon analysis of remotely s .-+ @ ‘isuallythe maptobe
tested, or evaluated) and another based upon @ differ. - ~ < of information (usually

considered to be the standard for the companson) Both \aps are assumad to be in'the
traditional form cf most land use maps; that is, bot» zre formed by subdividing a
geographic region into @ mosaic of discrete, labeled parceis. To assess the accuracy of
the first map, it is necessary that the two maps register to one anothar, and that the two
maps use clagsification systems comparable in number of categeries and mapping

detal.

 complicated, oldest. and, possibly, most frenuemﬁ/d‘:ed riethel of

evaluation is s ply to compare the two maps in respect to the areas that match whun
the two maps are superimposed. The result of such a comparison is to report the areal
proportions of the two patterns that malch ("50 percent,” 97 percent”). These values
report the extent of the agreement between the two maps in total are:--n each category;
but do not take into account compensating errors in misclassificz.on that can cause this
kind ot accuracy measure to itself be inaccurate. This form it errur assessment is

sumetinies refered to as non-site-specific accuracy’ because it does ~ot consider

agreénieht between the two maps at specific locations; but oniy overall agreement.
Non-site-specific accuracy has been a widely used methcd of reporting accuracies

ef land use maps. Anderson and colleagues (1976) stated that accaracies of 85 percent
are required for samtactory use of land use data for resource manaqement
Fitzpatrick-Lins (1978) reported that accuracies of USGS land cover maps o. ‘e

central Atlantic coastal region of the u.s. cen

re about 85 percent (1.24 ,000), 77 percent

(1:100.000); and 73 percent (1:250,;000) accurate. For auicma*d interpretations of
land use n the Denver metropolitan area (six level | categories), Tora and collaborators
11978) reported dccuracies -5 \bout 38 percerit using only Landsat Jata (including band

ratos). and about 78 percpnt asing ancnlary data:
The second form of accuracy measure, ‘site- Specmc acuwiacy, is based upon
detaiied assessment o1 agreement betweén the two maps at specific locations on the

maps. [h most analyses. the units of comparisons are defined as pixel-sized units from

the map dernved from remotely sensed data, although, if necessary, any par of
matching maps could be compared by using any network.ef uniform cells to defirie the

units of comparison. Site-specific accuracy has been mea\ued asing several alterna-

tive strategies: For supervised classification; the simplest strategy is to compare the
ciassified data with the training samples used to generate the classification. If training
samplés have boen positioned at random throughoi! the mapped area: they can
perhaps be considered to form representive sample of the scene as a whole. It is,
however. difficult to have confidence ir such a procedure because the numbei of

training samples is often small in relation to jbeﬁrfwuﬁ@@eﬁrs of pixels 1o be classified:
Furtherriore. it ~eems inevitable that accuracies for training data are likely to be higher
e map as a whole. In fact, for many classification algorithms, one would

than for :
expect corractclassification of all training data if the classification rias beer: conducted
n; aryresuit short of 100

in accord with its statistical foundations. Strictly speaking; t

percent accuracy detractssrom the credibiiity of the entire ma- 1" would seem that this

procedure 15 born nf expediency and, as a result, can have litile use in any serious
("atter'n”p't at accuracy assessment.
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At minimam, dccaracy evaluation should be based upon sites of known identity
not used i the tramng data This procedure yields @ much more credible evaluation,
but presents the practical probiein vt dievoling tinie and resoarces to collection of the
required data (data that will not themselves improve accuracy) as well as scientific

problens of deciding how many such sites are required and where they shiould be
located A further alternative strategy is based on sampling the entire scene (perhaps 2

{6 5 porcent of piacls ifi @ complete Landsat scene; but probably more for smalier
regions Aside from the practical problems of acquiring data in remote areas, important

research questions Concern strategies for sélécting and cldssifying samples, continua-
tion design of appropriate non-parametric statistical tests; and the metfods of best
reporting results to permit comparison with other studies. For éké'rhbié,ﬁépdmd samples
be random; clustered, or stratified? , B £

" The standard form for reporting site-specific error is the error matrix; sometimes
referred to as a ‘confusion matrix’ because it identifies not only overall errors for each

category. but also misclassifications. due to confusion between categories. The error
matnixis essential for any serious study of accuracy. The error matrix consists of an n by

A array. where n is equal to the number of categories on the map (Table 11). The upper
edge is labeled with the categories on the reference (“correct’’) classification. The left

hand side is labeled with the same i categories; these refer to locations on the map
being evaluated {The meanings of the two axes are reversed in some applications, but

the interpretation of the matrix is not aitered). Diagonal entries in the matrix reveal the
number of cells or pixeis (sometimes the perceritages) in a given category that were
correctly ciassified on the map to be evaluated:

Exammination of the error matrix reveals errors of omissic -~ &

f tion of d errors of commis-
zjon for each category. Errors of omission are. for example, the assignment of areas of

forest on the ground to the agricultiiral category on the map (: .. area of ‘real forest on

the ground has been omitted from the map). Using the sa* > example, an error of
COMMISSIOn wotid o2 10 assign an area of agriculture ar: ¢ ground to the forest

category Gii the map This distinction i$ essential becaus~ an interpretation could

achieve 1C0 percent accuracy in respect to forest by ass.; 3 all pixels to forest. The

TABLE 11 - EXAMPLE OF AN TRROR MATRIX:

Actu o
Land intarprated Land Use (Numhei of Pixels)
Use -

Urban Agriculture Range  Forost - -Water  Barren _Total
Urban 180.781 13.563 6.287 175 1.292 465 202563
N 29:299 46.619 5.296 e 826 157 82,197
Bange: 1005 5.568 15.788 367 53 1923 28044
Forust 246 462 780 3328 2 208 5022
Waier 1,830 867 72 0 419 __0 6,759
Barren 3 .3 4248 424 0 2513 79
Total 215,764 67.282 32471 4234 6363 5262 216.164

*Coliinins list classification results: rows show correct ground data.

@~ . Compiled from data presanted by Tom et al. 1978.
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tabulations of errors of commission revgal such ach-evements to be meantngless
because there will be tiigh érrors of commission for forest, and high errors ol omission

for other categories.

imerpretmg The E~ or Matnx

Table 11shov’ - ~rror matrix generated b/ & machine class ffication of a 576 by
576 segmunt of a Landgsat scene (T-m et al. 1678). Each of the 331,776 pixels in this
segmient was assigned to one of six land cover categories. The resulting classification .

was then comparcd, plxel by pixel; to a previously existing land use map of the same
area; and the differences were tabulated, category by category, to form the data for
Table 1. -

The colomn on the nght edge of the matrix gnves total puxels in each category on the
original land use map; the row at the bottom shows total pixels in each category in the
classified scene. The diagonal entries show number of correctly classified pixels —
rarige land classified as range, urban land classified as urban. The diagonal sequence

of entries from upper left tc lower right splits the matrix into two halves: The upper left
half is formed by values derived frum the classitication rnap tabulated by their correct

identities from the labeled use map. The lower left half is formed by values derived from

the tand use map; tabulated by their assignment on the classification map.
Thus, the off-diagonal entries show errors ofemxaﬁion and commission. The upper

right half of the matrix tabulates eirers of omissiv:1, shic.. ~< Urbzn land on the ground

classified as range, or agricultaral lar:~ ~aseified al arban: Entries that form the lower
left half of the matrix reveal errors ¢ r-. "~ -igsibn For ~«ample, land other than urban
has been classitied as urban, espe . ricultural tand (?‘ .299) and range (4,005).
Non-diagonal row entries-Fim (o give Wi di errors of omissiun; non-diagoi:al colamn

entries sum to glve total errors of commis,sion
_ Table 12 summarizes errors of omission and commission by land use category.
For example. there were 216,164 pixels of uroan land in the land use map of these,

180781 were correctly classified as urban land; about 84%. The remaining 35,383
pixels {the sum of the off-diagonal entries from column 1 Table 11), forming about 15
percerit of the total urban land, were incorrectly classmed mamly as agricultura: iand,

but also as other categones These form the errors of commission for urban land -
Error: of omission {equal to about 11 percent of the total of urban land in the area)
consist mainly of urban 1and ciassified as agricultural |land and rangeland asis shownin

Table 1. For this classification cf this particalar scene: it is evident that confusion of
urban and agncultural ! ind is @ major source of error in the classification of urban lan.:
use. i

Fora comrasnng relatnonshlp between error:. of omission and'comm-33ion; note that
urban land tends to be classified as barren land. whereas very seldom is barren land
classitied as urban. Inspection of the error matrix reveals the Rinqé of errors generated
by the classification process, which may in turn permit |mproved interpretationr of the

map ana impreve accaracy in future class®i. ations;
. There is considerable interest in comparing error matrices generated by differnt
classitication processes, different interpreters, ard different !orrns of imagery (to name

only a few of the many forms of comparlson that could be examined). This form of
analysis depends upon standardization of error matrices to bring totals for all matrices

to the same value. This step is required so that the analysis can examnne the pattern of

errors within each matrix withoot regard to differences caused by the total number of
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TABLE 12 SUMMARY OF COMMISSION/OMISSION ERRORS REPORTED IN
TABLE 11 ) ) S
Caiegory _Omission Errors_ Commission Errors _——Correct
_ TotalP _ Percent Total _ Percent’ Totai . Percert

" Urban 21,782 1 35383 . 16 180,781 84

Agricuiture 35,578 a3 20,663 31 46,619 69,
Range 12,156 44 16,683 51 15,788 49
Forest 1.694 34 906 21 3,328 79
water 2.569 38 2.173 33 4,190 66
Baren .- .- 4678 65 2,749 52 2513 48

"Totals  number of pixels _

Source: Compiled from data presented by Tom et al. 1978.

pixels in ihe various scenes. Standardizatige-is usually accomplished by a process that

brings all row and column totals to a common value, usually 1. Comparisons_of
standardized matrices can then be conducted using one of severa! aiternative statisti~

cal tests selected specifically for their a’pprppti‘aténéss in tie context. Details can b
found in Congalton and Mead (198351

Sources af Classification Error -
Classification error in machine analysis of remotely sensed data results from

complex interactions between the spatial structure of the landscaps, sensor resolation;

preprocessing algorithms, and classification procedores: Perhaps the simplest causes
. of error are related to the misassignment of informational categories to. spectral
categories: The bare granite of mountainous areas, far example, can be easily con-
fused with the spectral responsé of concrete in urban areas: However, the sources of

" most errors in maching classifications are probably more compiex. Mixed pixels occur

as resolution elements of a remote sensing system fall on the boundaries between

separate land use parcels. THese pixels may well ave digital values unlike either of the

iwocategories, and may easily be misclassified even by the most aceurate an robust
giassifigation procedores. Such errors are often visible in digital classification producis
as chains of misciassified pixels that paréligl the borders of rather large; homogeneous;
parcels. N S o
It is in this manner that the characigr of the landscape contributes 1o thie potential

for error through the complex patterns of paicels that form the scene that is imaged. A
very simple landscape comiposed of large, uniform, distinct categories is likely to be
gasier to classify accurately than one with small, heterogeneous, indistinct parcels

arranged in a complex pattern. Key landscape variables are likely to include:

(1) 'p"g"rC'él size:

(2) variation in parcel size;

(3) parcel identities; S

{(#) numbers of categories present; 7
(5) arrangement of parcels; .
(6} number of parcels per category; \}
(7) shapes of parcels; and : : ‘
(8) radiometric and spectral contrast with surrounding parcels
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These varlables change from one_region toranother (Stmonett and Comer 1971;

Podwysock| 1978) and; within a given region, from season to season. As a result; the
sources of error in a given image are not necessarlly predictable from previous experi-
ence In other regions or at other dates.
The sensor itself may introduce errors through its interaction; at glven levels of

spat|ai radrometrrc and spectraI reso|ut|on W|th the Iandscape varlables mentloned

des|gn and operatlon Preprocesslng operattons deslgned to correct radiometric and

geometrrc errors may themselves introduce characteristics that may iead to sub-
sequent errors in the classification process. For example, resampling for geometric

corrections may introduice spatial dependencies not or

inally preserit in the raw data.

And the classification process itself may interact with original ot introduced characterts-
tics of the data to yield subtie claismcatlon errors in the final product In brief, classlflca-
tion errors should not be considered to bé the inevitable result of unidefinable causes.

They are, in part, the result of propemes of the scene that has been imaged; the design
;and performance of-the sensor; and of preprocessing procedures.

Error 6ha’racteris'tics

3

.

~ determined by ground observatlon) to another category based uponrremotely sensed

- data. There are fe\.y systematic stadies of geographic characteristics of these errors;

characteristics listed:

(2)

(1)

Er'o s are not distributed over the image at random, but; to a
degree, display systematic, ordered occurrence in space;
Errors_are_not distributed at random among the various

categortes on the image. but'may be preferentially associated

. with certain categories;

) Erroneously assigned p|xets are often not spatually isolated; but

occur grouped in areas of varied size and shape (Campbell
1981); .

) Errorsare not d|str|buted randomly among the various parcels on

the image, but may occar in parcels with certain sizes; shapes
locations; and arrangement:in respect to other parceIs and

) Errors may have specific spatial relationships within the parcels

to which they pertain; for-example, they may tend to occur at the
edges or in interiors of parcels. :

Accuracy Assessment Research

.

“ but experience and logic suggest that errors are likely to possess at least some of the

N

‘The validity of accuracy’ estlmates based on samphng depends upon (a) the

number of samples, \(b) the arrangement ‘(pattern) of amples over the image; (c)the

spacing between samples in a given sampling pattern, and {d) the allocation of samples

of the several categories on the map. In general, accuracy studies have focused,

primarily on these issues, -and have-devoted only passtng attention to placement of

.-

. . “ 7 9;, ..\

‘; L
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samples on Ihe image. These neglected considerations are of great practical and
theoretical significancé. as even cursory examination of error patterns suggest that -

many arrors are not distributed at random and may escape detection by the usual

sampling strategies.

? Although the essential elements of the accuracy assessment problem had been

outlined earlier, the work by Hord and Brooner (1 976) forms a starting point for much of
the current research in ‘accuracy assessment. They recognized that observed overall
acciiracy is the result of some cortibination of misclassified polygons, errors in bound-
ary placement, and control point placement efror: They applied sampling patlerns to
examine polygon classification errors. Their work explicitly recognized the probabilistic
character of the proplem, and recommended that accuracy be reported with cenfidence

“limits. Van Gendren and Lock (1978) studied land cover map accuracy using a stratified

randorm sample; they recommended that scientists choose the sample Size reqiiired to
justify a desired level of confidence. Ginevan (1979) reviewed earlier research, con-
cluding ihat accuiracy studies should be designed simultaneously to minimize sample
size and rhinimize the probability of accepting arl erroneous classification of rejecting a
correct classification. Chrisman (1980) rejected the use of correct percentage as an

indication of map accuracy, becatse under cerain <ircumstances even a random
classifiér can praduce ostensibly reasonable values. He suggested the use of an index
that reports the agreement between two maps in relation to results expected from a
random assignment of pixels to categories. For example, he recommended Cohén's
Kappa. a statistic that varies from +1 (perfect agreement) 10 -1 (complete disagree-
ment). A value of zero indicates that the results are not distinguishable from those

obtained by a random classification. Current research in this field seems to be based,

upon measures of this kind.

_ Keyissues that should be addressed in future accuracy research include definitior
of strategies for application of non-parametric statistics to. accuracy assessment,
design of optimum sampling strategies, and the identification of statistical and geog-
raphic properties of classification errors. Of particular interest are topics that have been
peripheral to the research mentioned above, éspecially those requiring a knowledge of
the spatial properties of errors, and their inflience upon the accaracy measures now in
use. : -
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